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EXECUTIVE  SUMMARY 


This  report  documents  work  that  Stanford  Research  Institute  (SRI) 
has  performed  for  the  Office  of  Aviation  Policy,  Federal  Aviation  Ad- 
ministration (FAA),  Department  of  Transportation,  to  assess  the  impact 
of  certain  proposed  Upgraded  Third  Generation  (UG3RD)  Enroute  Air  Traffic 
Control  (ATC)  System  enhancements  on  enroute  ATC  operations  at  the  Atlanta 
Air  Route  Traffic  Control  Center,  To  compare  enhancement  systems,  we 
estimate  the  Atlanta  Center  annual  staffing  requirements  associated  with 
each  enhancement  for  the  years  1980  to  2000  based  on;  models  of  controller 
task  activity  workload,  a ne  irfork  computer  simulation  model  that  evaluates 
aircraft  traffic  capacity  and  delay,  and  traffic  forecasts  provided  by  the 
FAA.  The  models  were  developed  in  previous  contract  work  for  FAA.  The 
staffing  estimates  include  the  Air  Traffic  Service  and  Airway  Facilities 
Service  personnel  required  to  operate  and  maintain  the  center. 


Method  of  Approach 

We  collected  data  at  the  Atlanta  Center  describing  the  ATC  sector 
control  team  task  activities  and  procedures  required  under  NAS  Stage  A 
operations.  We  used  these  data  to  adjust  our  previously  developed  work- 
load models  so  that  the  models  describe  the  sector  team  routine,  surveil- 
lance, and  conflict  processing  requirements  observed  at  the  Atlanta  Center. 
Routine  work  includes  air/ground  (A/G)  voice  communications,  flight  data 
processing  (FDP)  and  radar  processing  (RDP)  manual  data  entry /display 
operations,  flight  strip  data  processing,  intersector  interphone  voice 
communications,  and  intrasector  direct  (face-to-face)  voice  communications. 
Surveillance  work  is  visual  observation  of  radar-derived  aircraft  situa- 
tion data  on  a plan  view  display  (PVD).  Conflict  processing  work  includes 
potential  conflict  recognition,  assessment,  and  resolution  decision  making 
and  A/G  voice  communications.  The  models,  which  we  previously  calibrated 
against  known  sector  traffic  capacities  at  another  center  (Los  Angeles), 
are  used  to  quantify  workload  limit/traffic  capacity  relationships  for 
selected  sectors  of  the  Atlanta  Center.  These  workload  models  and  capac- 
ity relationships  describe  the  operational  characteristics  of  the  current 
NAS  Stage  A Enroute  ATC  system,  which  is  the  base  from  which  we  postulate 
the  evolution  of  UG3RD  enhancement  systems. 

To  analyze  ATC  evolution  through  successive  automation  levels,  we 
adjust  parameters  of  the  workload  models  to  represent  the  effects  of 
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wirious  enh.incement  systems  on  the  sector  tenms'  cap;ibiHiy  for  handling 
traffic.  The  parametric  values  encode  the  assumptions  we  nuide  as  to  how 
each  system  would  be  implemented  an  operational  enroute  envlromni’iit . 
and  how  each  system  would  impact  the  task  activities  and  workload  charac- 
teristics of  individual  sector  teams.  The  modeling  approach,  which  we 
call  the  Relative  Capacity  Kstimating  Process  (RECEI’),  estimates  the  sec- 
tor traffic  capacity  associated  wltli  an  enhancement  sy.stem  n-latlve  to 
the  performance  requirements  of  current  enroute  ATC  operations. 

Wo  use  the  sector  traffic  capacities  in  our  Air  Traffic  Flow  (ATF) 
netwe^rk  simulation,  also  previously  developed,  to  determine  the  multi- 
sector traffic  handling  and  delay  characteristics  associated  witli  eacti 
enhancement  system.  AFF  enables  us  to  examine  alternative  sector  con- 
figuration strategics  (based  strictly  on  sector  splits)  and  alternative 
sector  manning  strategies  (based  on  increasing  or  decreasing  the  number 
of  sector  team  positions  when  feasible)  in  order  to  estimate  tho  number 
of  day-shift  controllers  needed  in  a selected  multisector  regit>n  of  ibe 
Atlanta  Center  by  each  enhancement  system.  Wc  then  expand  tho  day-shift 
manning  estimate  to  an  annual  controller  staffing  requirement  (which  is 
compatible  with  current  FAA  staffing  standard  calculations)  and  estimate 
the  corresponding  operations  and  maintenance  support  and  supeivlsory 
annual  staffing  needs.  This  process  yields  our  estimate  of  the  Air 
Traffic  Service  and  Airways  Facilities  Service  annual  staffing  associated 
with  each  UC3RD  enhancement. 

Sector  traffic  capacities  for  tho  enhancement  systems  are  derived 
using  the  workload  models,  from  which  we  determine  multisector  manning 
and  facility  annual  staffing  requirements.  Therefore,  the  resulting 
staffing  estimates  are  sensitive  to  the  subjective  judgments  we  have 
made  in  structuring  the  workload  models  so  that  they  describe  an  evolu- 
tionary Implementation  of  UG3RD  enhancements.  in  tho  remainder  of  thi.s 
Executive  Summary,  we  briefly  review  the  operational  assumptions  and 
present  the  staffing  estimates. 


Assumpt ions 

The  systems  are  examined  in  sequence  under  the  assumpt ion  that  each 
enhancement  feature  Is  added  to  the  previous  system.  The  enhancement 
features,  added  consecutively  to  the  NAS  Stage  A Base  ^System  1),  are: 

• Automated  data  handling  (System  2) 

• Automated  local  flow  control  (System  ^) 

• Sector  conflict  probe  (System  -i) 


• Area  navigation,  RNAV  (System  5) 

• Discrete  Address  Beacon  System  (DABS)  data  link  (System  6). 


Automated  Data  Handling  (System  2) --This  first  add-on  to  System  1 
includes  the  implementation  at  sector  positions  of  an  electronic  tabular 
flight  data  display,  and  RDP/FDP  refinements.  The  tabular  display  is  an 
electronic  flight  data  presentation  designed  to  replace  paper  flight 
strips  and  attendant  manual  activities,  and  would  effectively  automate 
some  controller  manual  and  verbal  tasks  associated  with  control  procedures 
and  flight  data  distribution.  The  RDP/FDP  refinements  are  minor  system 
modifications  that  would  facilitate  equipment  operation. 


Automated  Local  Flow  Control  (System  3) --This  feature,  which  we 
assume  is  added  on  to  System  2,  is  designed  to  maximize  sector  capacity 
utilization  by  smoothing  out  traffic  peaking  situations.  It  would  govern 
traffic  flow  on  routes  by  means  of  an  on-line  computerized  traffic  plan- 
ning process  that  regulates  workload  surges  in  accordance  with  the  traffic 
handling  capabilities  of  a multisector  environment.  We  assess  its  Impact 
on  enroute  traffic  capacity  by  modeling  the  distribution  of  traffic  peaks 
and  workload  surges  on  the  air  traffic  route  network. 


Sector  Conflict  Probe  (System  4) --This  feature,  which  we  assume  is 
added  on  to  System  3,  alerts  controllers  of  potential  conflicts  and 
recommends  resolution  actions.  To  provide  an  operationally  realistic 
time  prediction  horizon  at  a low  false-alarm  rate,  we  assvime  this  feature 
will  be  used  when  aircraft  first  enter  a sector.  Since  A/G  communications 
arc  required  to  transmit  conflict  resolution  instructions,  workload  reduc- 
tions affect  only  conflict  detection  and  assessment  t.asks. 


RNAV  (System  5) --This  feature,  which  we  assume  is  added  on  to  Sys- 
tem 4,  Incorporates  navigation  avionics  that  could  be  used  in  enroute 
operations  to  achieve  close-spaced  multilane  traffic  routes.  Overtaking 
conflict  processing  would  be  eliminated  by  placing  successive  aircraft 
on  closely  spaced  parallel  routes. 


DABS  Data  Link  (System  6)--This  feature,  which  we  assume  Is  added 
on  to  System  5,  transmits  to  pilots  digital  data  including  routine  clear- 
ances and  conflict  avoidance  directives.  It  is  not  Intended  to  transmit 
extensive  nonstandard-format  messages.  The  data  link,  integrated  with 
extensive  computerization,  is  the  basis  for  the  "control -by-excopt ion" 
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ooucoi'l  in  wl»lch  iho  controller  wvntld  In'comr  a wvutcro  manager  ViHm  ( !*  not 
routinely  engagod  In  min»>tc*bV'mlnntc  tactical  iloclalon  maktnit.  He  wovilti 
have  tc»  maintain  connl«anco  of  the  comp\il  crlacH  sector  cv'ntrol  operat  Ion 
and  Intervene  when  necessary  to  adlnst  procedural  rules,  respond  to  pilot 
requests,  and  resv'lve  nonstatulard  stluatUuis.  In  model  In^t  worKI»*ad  changes 
associated  with  this  enhancement,  we  account  for  the  atitomatlon  of  certain 
routine  and  conflict  tasks  wltlle  allowliifi  for  controller  work  required  l»' 
maintain  operational  cojtnl ranee. 

We  also  assess,  hut  d,>  not  expllcltlv  ntodel  , IWHS-hased  Intermittent 
positive  control  llIH')  and  enrotite  meterlttn. 


IIABS  lPt--»lPt’  provides  traffic  advlsi'rles  and  threat  avv'ldance  com- 
m.tnds  to  pllv'ts,  as  needed.  Since  this  service  could  operate  In  the  en- 
ro\ite  environment  vut  InvsliuMtt  conflict  situations  that  mljtht  he  "missed" 
hv  ci'nt  rol  I CIS,  we  assume  11*1'  tv>  he  a safetv  enhanceiHcnt  device  that 
wvMild  not  directly  Impact  routine  staffing  req\»l  rement  s . ll’t'  mav  lu' 
necessarv  to  ptovlde  fault  tolerance  In  the  evi'i\t  of  lallurcs  In  (he 
other  enhancement  svstem  operat  U'us, 


nrout  e Met  crlna-- Thl s tcatut  c Is  an  estenslon  of  teimlnal  mclcrlint 
and  s|>acluK,  a device  to  maxlisire  airport  lamwav  utilisation,  I'urv'ul,' 
mcl<rln^  w<»nld  r<'qulre  ('nroulc  ci'ut  rollers  to  set  up  aircraft  s)'acl)\ns 
In  accorilance  wl  i h I Ime-varvlng  tennlnal  mclerlttjt  sped  t Icat  Ions.  tWlth 
out  more  advanceil  .lut  om.at  Ion , such  as  data  link  commnn  I v'at  I on , precise 
t lme-v'*ver- f I X aircraft  sequcttcinn  \\xnild  not  he  possible  hcc.uise  I'f  the 
excessive  cvuttroller  work  required,)  Uased  tut  vuir  vdiserviti  lv>ns  of  an.tl- 
ogous  (thoug.h  less  dyn.amlc)  prvu'edures  curtentlv  vised  as  ytulvU'llnes 
for  controllinjt  the  mv'vv'mv'ut  r.ate  of  aircraft  fiom  the  v'nta'utv'  lut,'  the 
tv'rmln.il  airspace,  we  concludv'  that  sip, nlf  leant  Impact  ,'n  cent  rol  let 
Wv'rklo.td  will  not  occur  and  Impact  on  tlw'  level  of  envonti-  staftinp  \,'ill 
he  minimal. 


Hcsul t s 

We  determine  dav-shlft  conttwller  mannlnp  requirements  fvM  a sdi'cted 
mul  t I sect  v'f  study  .area  of  the  Atl.ant.i  la'nter,  friun  which  w«'  develop  Air 
Tr.tfric  Service  .and  Alrw.av  Kac  1 1 1 1 i »'s  Si'rvlci'  stafl  estim.vtv's  l>n  the  en- 
tire f.acllltv.  These  estlm.atvs  Include  the  eontroller,  maint  en.tncv', 
snpervi  si't  V,  and  suppvvrt  persv'unel  nv'v'vled  tv'  oper.ate  the  facility,  hnt 
do  not  Include  controller  trainee  reqnl  rv'meni  s.  The  results  of  these 
analyses  .are  summarised  In  Klpure  S-l, 
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FIGURE  S-l  ANNUAL  STAFFING  FORECASTS.  BY  SYSTEM  ATLANTA  CENTER 


Baaed  on  available  data,  the  Atlanta  Center's  I')?*)  staffing  require- 
ment under  the  NAS  Stage  A Base  vn»s  744  persons,  of  which  47b  were  con- 
trollers. To  allow  for  handling  additional  traffic  demand  at  the  current 
level  of  delay,  we  model  alternative  sectorlration  strategies  and  alter- 
native sector  manning  strategies.  These  controller  deployment  strategies 
account  in  large  part  for  the  staffing  Increases  shown  in  Figure  S-l. 

Also  Included  are  appropriate  Increases  in  noncontroller  personnel. 

Figure  S-l  shows  that  under  System  I (NAS  Stage  A Basel  the  current 
level  of  delay  could  be  maintained  until  l*)8T  by  increasing  staff.  We 
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assume  the  staffing  increase  is  accomplished  by  resectorization  (sector 
splitting),  while  individual  sector  manning  is  held  at  2,5  controllers 
per  sector;  this  complement  consists  of  one  radar  (R)  and  one  data  (D) 
controller  in  each  sector  team  and  one  assistant  (A)  controller  in  sup- 
port of  a pair  of  sector  teams.  (Our  workload  and  network  modeling 
analysis  indicates  that  sectorizat ion,  rather  than  sector  manning  changes, 
is  a more  effective  means  of  handling  the  traffic  projected  for  the  early 
1980s.)  During  1983,  maximum  sectorizat ion  is  achieved,  and  no  more  sec- 
tors can  be  split  efficiently.  (Based  on  operational  considerations  and 
a review  of  Atlanta  airspace  and  current  sectorizatlon,  we  judge  that  an 
upper  bound  on  sectorizatlon  is  twice  the  Atlanta  Center's  current  number 
of  sectors,  while  the  lower  bound  is  the  current  number  of  sectors.)  The 
maximum  sectorizatlon  limit  corresponds  to  a 65%  increase  in  facility 
staff  relative  to  1975. 

System  1 staffing  could  be  increased,  after  1983,  by  Implementing  a 
3.5  sector  manning  level,  which  requires  adding  a tracker  (T)  controller 
to  each  sector  team.  However,  our  analysis  indicates  that  this  strategy 
could  not  increase  facilitywide  traffic  handling  capabilities  beyond  1983 
and  simultaneously  maintain  the  current  level  of  delay.  Since  the  T coi.- 
trollor  does  support  the  R controllers,  especially  during  heavy  traffic 
activity  and  workload  stress,  we  assume  that  the  3.5  sector  manning  will 
be  implemented  in  1983  to  help  handle  the  projected  traffic,  but  with 
increased  traffic  delays.  As  shown  by  the  dashed  line  in  Figure  S-1 , 
we  extrapolate  the  corresponding  facility  staffing  increase  until  the 
mid-1980s,  at  which  time  all  the  reconfigured  sectors  are  manned  at  the 
3.5  controller  level.  This  maximum  staff  level  may  be  maintained  througli 
the  year  2000  only  by  increasing  delay  further  or  by  constraining  traffic 
demand  or  both. 

Our  analysis  of  System  2 (automated  data  handling)  indicates  that 
its  automation  components  (including  tlio  elimination  of  paper  flight 
strips)  will  obviate  the  need  for  A and  T controllers  and  that  the  two- 
man  (R  and  D controllers)  sector  team  will  be  the  most  efficient  opera- 
tion. Therefore,  we  assume  sectorizatlon  will  be  the  only  effective 
means  of  Increasing  staff  to  maintain  the  current  level  of  delay  as 
traffic  increases.  As  shown  in  Figure  S-1,  this  level  of  delay  could 
be  maintained  until  1986  wlien  maximum  sectorizatlon  is  achieved,  which 
corresponds  to  a 427  Increase  in  facility  staff  relative  to  the  1975 
base.  This  staff  level  could  be  maintained  beyond  1986,  but  with  in- 
creased delay  or  constrained  traffic  demand  or  both.  The  staffing  ad- 
vantages of  System  2 relative  to  System  I are  due  in  part  to  reductions 
in  sector  manning  requirements  and  increases  in  sector  team  traffic  han- 
dling capacities  (resulting  from  the  reduced  workload  per  aircraft  asso- 
ciated with  data  handling  automation). 
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System  3 (automated  local  flow  control)  does  not  show  further  staff- 
ing gains  relative  to  System  2,  This  result  la  probably  because  of  the 
Intensity  of  the  facility's  radial  traffic  flow  (focused  on  the  Atlanta 
airport),  which  limits  practical  traffic  rerouting  or  delay  alternatives 
to  the  Inbound  and  outbound  routes  rather  than  the  over  and  crossing  routes. 
In  this  case,  the  automated  operation  uses  traffic  distribution  strategies 
that  are  already  part  of  current  local  flow  control.  However,  an  automated 
operation  will  probably  be  necessary  to  enable  the  flow  controller  to 
maintain  cognisance  of  the  Increased  traffic  projected.  System  3 sector 
manning  and  traffic  handling  capabilities  are  the  same  as  those  assumed 
for  System  2. 

System  A (sector  conflict  probe)  could  be  maintained  at  the  current 
level  of  delay  until  1988  when  maximum  sectorlsatlon  is  achieved.  Sys- 
tem 5 (RNAV  with  100%  of  the  aircraft  fleet  equipped  with  requisite 
avionics)  could  be  similarly  maintained  until  1989.  In  both  cases,  the 
two-man  sector  manning  strategy  la  assumed,  and  staffing  Increases  are 
obtained  by  sector  splitting.  The  System  A and  5 maximum  facility  staff 
levels  are  Identical  to  those  of  System  2 and  are  A27.  greater  than  the 
1975  base.  However,  staffing  advantages  are  realised  by  both  Systems 
A and  5 in  that  they  delay  the  need  for  deployment  of  the  maximum  staff. 

The  staffing  advantages  of  System  A relative  to  System  2 and  those  of 
System  5 relative  to  System  A are  due  to  increases  In  sector  team  traffic 
handling  capacities  (resulting  from  the  reduced  workload  per  aircraft 
associated  with  conflict  probe  automation  and  closely  spaced  parallel 
RNAV  routes). 

System  6 (DABS  data  link)  Is  evaluated  under  two  assumptions;  first, 
that  50%  of  the  aircraft  fleet  Is  equipped  with  requisite  data  link  equip- 
ment; second,  that  100%  la  so  equipped.  (In  both  cases,  100%  RNAV  avionics 
la  assumed.)  Under  the  first  assumption,  we  judge  that  System  6 could  be 
maintained  at  the  current  level  of  delay  until  1992;  under  the  second 
assumption.  System  6 could  be  similarly  maintained  through  the  year  2000. 
Progressive  staffing  Increases  to  A2%  are  required  in  both  cases.  Staff- 
ing advantages  are  realized  in  the  early  1980s  by  the  use  of  one-man 
(R  controller  only)  sectors,  but,  as  the  traffic  level  increases  In  the 
mid-1980s,  transition  to  two-man  sectors  Is  needed.  This  transition, 
together  with  a forecast  surge  In  traffic  demand  In  the  mld-to-late 
1980s,  causes  the  Irregularity  In  the  shape  of  the  two  System  b curves. 

The  staffing  gains  shown  In  Figure  S-l  for  System  6 relative  to  System  5 
are  due  to  significant  Increases  in  sector  team  traffic  capacities  (re- 
sulting from  reduced  workload  per  aircraft  associated  with  control-by- 
exceptlon  data  link  operations). 
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To  provide  some  insight  into  the  relative  etficiencios  of  the  sys- 
tems, we  calculate  their  productivity  gain  relationships,  as  shown  in 
Table  S-1.  The  productivity  gain  comparisons  arc  based  on  the  staff 
and  traffic  levels  corresponding  to  the  maximum  tr.iffic  demand  handled 
at  the  current  level  of  delay  by  each  system.  The  1975  operation  of  the 
current  NAS  Stage  A System  is  used  as  the  base  reference.  Although  no 
productivity  gain  is  shown  for  System  3 relative  to  System  2,  the  former 
system  is  assumed  to  be  integrated  along  with  Systems  2,  4,  and  5 (through 
evolutionary  development)  into  System  6.  Therefore,  Systems  2,  3,  4, 
and  5 would  be  required  to  achieve  the  productivity  gain  (2.28  after  the 
year  2000)  of  System  6. 


Remarks 


Staffing  estimates  are  made  using  previously  developed  controller 
workload  and  air  traffic  network  flow  models.  These  models  are  reasonably 
logical  representations  of  ATC  systems  operation,  but,  being  analytical  in 
nature,  they  are  abstractions  of  the  real  world.  Therefore,  the  resulting 
staffing  estimates  should  be  interpreted  as  first-order  indicators  of 
the  relative  impact  of  the  various  automation  features.  These  results 
should  be  useful  as  guidelines  for  further  experimental  testing  of  tl^e 
various  enhancements  in  order  to  define  their  operational  and  technolog- 
ical design  feasibility,  and  for  developing  detailed  economic  feasibility 
analyses. 

Relative  to  operational  and  technological  feasibility,  we  emphasize 
that  many  of  our  modeling  assumptions  are  based  on  judgments  concerning 
the  future  implementation  capabilities  of  the  enhancement  features.  Wc 
assume,  for  example,  that  a conflict  probe  could  be  used  to  predict  and 
resolve  conflicts  within  a sector's  airspace.  It  might  prove  possible 
to  operate  a conflict  probe  as  a centerwide  flight  plan  probe,  in  wliich 
case  additional  workload  reduction  and  concurrent  staffing  reduction 
gains  (beyond  those  we  estimate)  would  result.  However,  there  is  also 
the  question  whether  a conflict  probe  of  any  type  can  be  integrated  with 
controllers'  mental /cognitive  capabilities.  In  fact,  the  basic  issue  of 
productively  interfacing  man  and  machine  applies  to  eacli  enhancement  and 
requires  considerable  additional  study,  experimentation,  and  evaluation. 
This  is  especially  true  of  the  data-l ink-based  control-by-exception  opera- 
tion in  which  the  mental/cognitive  processes  of  the  controller  must  be 
evolved  into  system-interactive  monitoring  mode.  Further  research  is 
needed  to  ascertain  the  degree  to  which  a controller's  mental /cognit tve 
capacity  would  constrain  his  ability  to  handle  more  traffic. 
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In  regard  to  economic  feasibility,  our  staffing  estimates  provide 
insights  into  the  relative  effectiveness  of  each  system  in  reducing  FAA 
operating  (manpower)  costs  and  user  delays.  However,  a full  economic 
analysis  should  consider  trade-offs  between  FAA  operating,  engineering 
and  development,  and  capital  Investment  costs,  and  user  delay  and  avionics 
costs.  Furthermore,  since  the  scope  of  this  effort  is  restricted  to 
estimating  enroute  ATC  staffing  impacts,  enhancement  system  attributes 
relative  to  terminal  ATC  staffing,  safety,  airport  capacity,  and  the 
like  are  not  assessed.  Those  enhancements  that  do  not  significantly 
impact  enroute  staffing,  such  as  metering  and  IPC,  should  not  be  dis- 
missed lightly;  such  enhancements  may  contribute  important  system  per- 
formance qualities  other  than  reduced  enroute  staffing  costs. 
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I INTROniK-riON 


A.  Ob  loot t VOS  and  Scopo 

Tho  work  described  here  ;>ssesses  tl\e  impact  on  air  traffic  control 
(ATC^  operations  of  varKnis  automation  systems  proposed  as  part  of  tiu' 
Upitraded  Third  Generatloit  iltGlROI  Kitroute  Aft'  program.  We  make  tltis 
assessment  by  relating  .tntomat  ion  enli.ineem»'nt  propos.ils  to  current  ob- 
served control  operations  in  order  tv''  Indge  how  ant  vernation  might  success- 
fullv  be  tiUegrated  with  v'vperat  ivutal  rinpi  i rement  s and  how  controller 
activities  might  change.  W«'  ev.aluate  the  operational  potentials  of  the 
varlvuis  lIGiRH  .intomation  system  a 1 1 ernat  i vv’s  hv  est  im.it  ing  .invl  eomp.iring 
their  effects  on  staffing  at  an  I'nronte  center.  We  use  the  Atl.inta  .Air 
Route  Tr.ifflc  Control  Center  .is  the  study  site,  .and  the  current  National 
.Airspace  System  (NAS'i  Stage  .Aid.  2 as  the  base  for  comparing  the  st. iff  ing 
requirements.  The  st.aff  studied  incluviv's  bi'tli  .Air  Traffic  Servici'  .and 
.Airway  F.icilities  Serviev'  persi’niu'I  who  iipt'r.ate  .and  maintain  tlie  facility. 
Staffing  estimates  are  presented  for  t lie  ve.ars  1‘>S0  through  2000. 

This  c.ase  study  w.as  performevi  for  t lie  vMfice  Avi.ition  Tolicv, 
Federal  .Aviation  .Admin  i st  r.it  i on  (F.A.Ai,  uiuii'r  lAnilract  IXvr-F.A7‘'W.A- i71-«. 


li.  R.tckgrvnind 

This  wi'rk  is  b.ist'il  v’li  ATI'  .an.ilvsis  c.ip.ab  i 1 i t i v'S  lievelopi-vl  by  SRI 
ilurlng  two  prv'lects  previously  conducted  fv'v  the  K.A.A.  The  first  prot- 
ect  w.is  .1  multiyear  effort  perfoniu'd  for  the  Systems  Research  .ind 

IVvelopment  Service,  F.'ViV,  during  wliich  wv'  vlevelopcvi  v.irions  .in.i  I vt  i c.il 
mv^dels  of  .ATC  operations  .ind  furtheri'vl  .a  sensitivity  tv'  th<'  v'per.at  ional 
realities  v'f  autv'm.it  i on  .ind  its  implementation  pv't  en  t i .i  I s.  I'he  models 
includevi  the  Rel.uivv'  C.ip.icltv  Fst  im.it  ing  I’roci'ss  fRKCl'T'i , which  rv'l.atv's 
cv'iit  roller  wvirkli'avi  reqii  I rv'nn'iit  s to  sectv'r  tr.affic  capacities,  .ind  the 
Air  Tr.affic  Flv'w  t.ATFl  netwv'rk  s iniiil  .it  iv'ti  mv'dv'l  , which  assesses  tr.affic 
c.ipacitv  .mil  del.lv  in  .a  mill  t i sec  t v'r  envi  rv'iiment  , 


A list  of  references  is  .ippendevi  to  this  repi'rt  . 
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Tho  second  project^’  was  a case  studv  of  UG3RD  ATC  staffing  require- 
ments for  the  Los  Angeles  Center,  whicli  we  performed  for  the  Office  of 
Aviation  Policy,  FAA.  We  used  the  RECEP  and  ATF  models  to  estimate 
staffing  Impacts  of  the  various  automation  systems.  In  doing  so,  we 
made  a number  of  assumptions  and  Judgments  regarding  the  feasibility  of 
Implementing  the  postulated  enhancement  features  in  an  operational  en- 
route  ATC  environment.  Our  models  of  controller  workload  encoded  the 
assumptions  wo  made  regarding  the  way  in  which  each  of  the  enhancement 
systems  might  be  Implemented.  In  some  cases,  these  views  did  not  con- 
form in  all  details  to  the  various  designs  postulated  by  specialists  in 
the  FAA*’  or  el sewiiere, ’’  but  the  staffing  analyses  we  performed  required 
operational  descriptions  that  were  both  realistic  and  consistent  with 
the  current  enroute  ATC  development  programs.  Wltere  these  descriptions 
were  not  available  in  sufficient  detail,  we  developed  tlie  necessary  opera- 
tional procedures. 

The  case  study  of  IIC3RD  staffing  requirements  for  the  Atlanta  Center 
described  in  this  report  parallels  that  of  the  Los  Angeles  Center.  We 
apply  the  analytical  methodologies  we  dcvol oped  for  Los  Angeles  to  project 
Atlanta  Center  operations.  Although  we  use  data  collected  from  seven  sec- 
tors at  the  Atlanta  Center  as  the  bases  for  the  RECEP  and  ATF  models,  the 
descriptions  (with  some  minor  revisions')  of  enhancement  system  operations 
postulated  for  the  Los  Angeles  Center  are  assumed  to  apply. 
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C.  Method  of  Approach 

We  are  concerned  with  the  impact  of  automation  on  ATC  capacity. 

Based  on  our  observations  of  ATC  operations,  we  concluded  that  in  almost 
all  cases,  the  limits  on  capacity  are  associated  with  sector  control  t e.im 
activity  requirements,  that  is,  controller  workload.  Hence,  we  choose 
to  focus  on  controllers,  controller  teams,  and  team  organization.  Be- 
cause ATC  services  are  based  on  complex  decision  making  by  many  people, 
we  decided  that  our  .approach  had  to  be  based  on  measurements  of  present 
operations;  this  provides  a realistic  base  from  which  to  evolve  operating 
descriptions  of  postulated  enhancement  systems.  Therefore,  we  use  opera- 
tions data  collected  at  the  Atlanta  Center  where  the  NAS  Stage  A3d.2  was 
in  full  use  with  flight  data  processing  (FDPl  and  rad.ir  data  processing 
(RDP). 

Because  capacity  is  so  closely  related  to  controller  oper.itions,  we 
convert  functional  and  equipment  descriptions  of  the  enhancement  features 
into  terms  of  changes  to  current  controller  task  activities.  These  re- 
vised task  .ictlvlties  are  formvilated  into  the  RECEP  model  to  determine 
sector  cap.tcltles  for  each  enhancement  system.  These  individual  sector 
capacity  estimates  .ire  in  turn  Integrated  into  the  ATF  model  to  determine 
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the  traffic  capacity  amt  delay  characteristics  of  a selected  multisector 
study  area  of  the  Atlanta  Center.  This  information  is  used  to  estimate 
controller  manning  requirements  for  each  UCIRD  system  for  the  study  area 
during  the  peak  shift  of  tlie  peak  day  (*10111  percentilel.  Standard  staff- 
ing relationships”’^  and  observed  facility  m.inning  policies  are  used  to 
transform  the  study  area  manning  requirements  into  annual  controller 
staffing  requirements.  Estimates  .ire  also  made  of  the  noncont ro 1 1 er 
staffing  requirements  in  .iccordance  with  the  operational  and  m.iintenance 
ch.iracterist  ics  of  the  various  enh.incement  systems.  Consultations  with 
■Atlanta  Center  personnel  were  used  to  guide  our  st.iffing  estim.ition 
procedure. 

We  note  that  these  st.iffing  estimates  rely  heavily  on  the  v.ilidity 
of  the  RECEP  .uul  .ATE  tiKidels.  The  b.isic  RECEP  technique  h.is  been  .applied 
to  some  lb  sectors  in  enroute  .ind  termin.il  facilities,'"”  while  the 
RECEP  formulation  .is  used  in  this  report  h.is  been  .ipplied  to  four  enroute 
sectors  at  the  Los  .Angeles  Center. In  all  cases,  the  resulting  RECEP 
capacity  estimates  were  consistent  witli  those  of  the  facility  personnel. 
Although  these  results  may  not  be  considered  a formal  validation  of  the 
RECEP  model,  they  do  indicate  it  to  be  a reasonable  representation  of  con- 
trol operations.  The  ATE  network  model,  which  is  relatively  new  and  had 
previously  been  applied  only  during  tlie  Los  .-ingeles  tlenter  case  study, 
has  not  been  subject  to  foniial  v.il  itlation. 

r>.  Org.ini  z.it  ion  of  This  Report 

Sectivui  11  of  this  report  describes  the  modeling  of  sector  te.im 
worklo.id  .ind  traffic  cap.icitv  b.ised  on  tlie  d.it.i  describing  current  N.A.S 
St.ige  A System  operation  at  the  Atlanta  Center.  Section  111  det.iils  the 
sector  te.im  t.isk  .ictivity  revisions,  wrklo.id  structures,  and  c.ipacities 
.issoci.ited  with  v.irious  postul.ited  enli.incenien t fe.itures.  Section  IV  de- 
scribes the  estim.ition  of  multisector  m.uining  requirements  for  e.ich  sys- 
tem .nid  the  relationships  for  t r.insl  .i  t i ng  manning  into  f.icility  st.iffing 
requi  remi'iit  s.  Section  V describes  the  estim.ition  of  the  .Air  Tr.iffic 
.nul  .Airw.iv  K.icilities  services  st.iffing  requirements  for  tlie  entire 
f.icilitv.  A summary  description  of  the  enh.incement  systems  .ind  .i  dis- 
cussion of  the  staffing  results  .ire  presented  in  the  Executive  Summ.irv 
.It  the  beginning  of  this  report.  Further  details  .nul  .in.ilvsis  d.it.i  .ire 
included  .is  .ippendixes. 
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II  NAS  STAGE  A BASE  SYSTEM 
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The  current  third  generation  ATC  system  is  the  base  from  which  the 
upgraded  systems  are  to  evolve.  The  system's  FDP/RDP  capabilities  at 
the  Atlanta  Center  facilitate: 

• Automated  flight  data  processing/forwarding. 

• Automated  tracking  displays  with  alphanumerics  (including 
ground  speed,*  Mode  C,  and  reported  altitudes). 

• Automatic  and  manual  display  filtering. 

• Surveillance  data  mosaicking. 

• Simplified  clearance/coordination  procedures. 

, • Central  flow  control. 

The  sector  radar  (R)  controller,  the  critical  decision  maker,  per- 
I forms  routine,  surveillance,  and  conflict  processing  activities  and  is 

supported  by  a data  (D)  controller.  The  sector  team's  routine  tasks  in- 
clude air/ground  (A/G)  voice  communication  (R  controller  only),  FDP/RDP 
manual  operations,  flight  strip  manual  operations,  intersector  (includ- 
ing interfacility)  interphone  voice  communications,  and  intrasector  direct 
(face-to-face)  voice  consultations.  Surveillance  of  digitized,  plan 
view  display  (PVD)  aircraft  situation,  identity,  and  related  alpha- 
numeric data  facilitates  controller  flight-following.  Controllers  rely 
on  mentally  projected  flight  trajectories  to  detect  and  assess  potential 
conflicts;  these  situations  are  resolved  by  A/G  communications.  Sector 
traffic  flow  organization  and  structuring  is  conducted  in  accordance 
with  established  facility-integrated  procedural  rules,  which  may  be 
adjusted  when  nonstandard  local  flow  control  operations  are  instituted. 

Although  the  two-man  team  (R  and  D controllers)  is  the  normal  mode 
of  manning  a sector,  one-man  (R  controller  only)  and  three-man  operations 
are  possible.  In  the  latter  case,  an  additional  tracker  (T)  position  is 


The  ground  speed  display  capability  was  not  operational  during  our 
Los  Angeles  Center  observations. 


manned.*  The  T controller  performs  FDP/RDP  manual  operations  and  flight 
strip  processing,  while  the  D controller  performs  interphone  communica- 
tions and  assists  the  T controller. 

The  sector  team  operation  is  supported  by  an  assistant  (A)  controller, 
who  delivers  flight  strips  to  each  sector  team.  One  A controller  typically 
services  two  sectors.  Sector  teams  are  grouped  into  areas,  each  of  which 
is  administered  by  a team  supervisor.  A flow  controller  and  (military) 
mission  coordinator  are  responsible  for  traffic  coordination  for  the  cen- 
ter, while  a data  systems  specialist  coordinates  computer  programming 
operational  support.  An  assistant  chief  supervises  all  traffic  control 
activities.  In  addition  to  these  Air  Traffic  Service  personnel  (includ- 
ing controllers)  located  in  the  control  room,  a systems  engineer  (Airway 
Facilities  Service)  coordinates  maintenance  operations.  Additional  super- 
visory, programming,  and  maintenance  personnel  support  control  room  opera- 
t ions. 

The  distribution  of  workload  among  positions  within  a sector  is 
responsive  to  the  time-varying  traffic  processing  requirements.  As  the 
number  of  aircraft  in  a sector  increases,  the  corresponding  increase  in 
the  frequency  of  R controller  decision-making  actions  generates  more 
manual  and  verbal  activity  distributed  among  the  appropriate  positions. 

Each  controller's  ability  to  handle  his  workload  is  limited  by  the  time 
available.  SRI  has  developed  a method  of  quantitative  assessment  of 
traffic  constraints  associated  with  controllers'  decision-making,  manual, 
and  verbal  activities.  This  RECEP  produces  a workload  value  that  cor- 
responds to  the  traffic  capacity  of  a sector  team. 

RECEP  is  used  in  this  section  to  describe  workload  and  capacity  re- 
lations for  both  two-man  (System  lA)  and  three-man  (System  IB)  sector 
team  operations  under  the  NAS  Stage  A Base  System.^ 

A.  NAS  Stage  A Two-Man  Sector  Team  Operation  (System  lA) 

Two  RECEP  formulations  are  used  to  assess  simultaneously  the  team 
(D  and  R controllers)  and  R controller  workload  limitations  on  capacity. 

The  first  is  a model  of  sector  team  operation  based  on  measurements  of 
controller  activities  at  the  Atlanta  and  Los  Angeles  centers,  which  were 


The  tracker  (T)  position  is  termed  the  data/radar  (D/R)  position  at  the 
Los  Angeles  Center. 

Reference  4 contains  further  details  regarding  RECEP  model  structure 
and  control  operations. 
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using  the  NAS  Kiirouto  Stago  A3d.2  systi-m  (Including  ROP/FPi’  programs). 
The  second,  a model  of  R controller  operation,  is  also  empirically 
based,  but  is  augmented  with  an  inferent ial ly  derived  description  of 
controller  behavior.  The  R controller  model  is  constructed  in  part  by 
allocating  portions  of  the  two-man  team  wiirk  to  the  R position. 


1 . Tw'.^-Man  Team  Workload 

IXiring  previous  observations  of  four  sectors  at  the  l.os  Angeles 
Center,  we  identified  control  events  and  task  behavior  patterns  and  their 
frequencies  of  occurrence  and  performance  times."  Two  basic  sector  con- 
trol activities  were  differentiated;  routine  work  and  conflict  processing 
work. 

Routine  wiirk  is  the  use  of  standard  control  procedures  and 
techniques  to  facilitate  traffic  flow  through  each  sector.  It  is  generated 
in  some  form  bv  everv  flight,  and  a sector  te.im's  routine  workload  varies 
in  direct  proportion  to  the  flow  rate.  On  the  other  hand,  conflict  pro- 
cessing wiirk  is  the  result  of  controller-perceived  prospective  viol.it  ion 
of  the  sep.ir.ition  minim.i  allow.ible  between  aircr.ift.  It  is  gener.ited  by 
.lircraft  interactions  whose  occurrences  v.irv  .it  a gre.it  er- than-di  rect 
proportional  rate  with  tr.iffic  flow. 


.1.  Two-M.in  Te.im  Routine  Work 


The  following  routine  ccuitrol  functions  were  identified: 


Control  Jurisdiction  transfer 


Tr.iffic  structuring 
I’ilot  request 
Point  out 

Gener.il  intersector  coordination 
General  system  operation. 


The  control  Jurisdiction  transfer  is  the  collection  of 
control  events  required  to  hand  off  .in  .lircraft  from  one  sector  to  .mother. 
Traffic  structuring  refers  to  the  procedural -based,  decision-m.iking  process 
of  guiding  aircraft  through  a sector.  Pilot  requests  result  in  real-time 
flight  modifications,  adding  wiirk.  Pointouts  are  actions  required  by  a 
sector  team  to  retain  control  of  aircraft  briefly  in  or  near  another's 
.lirsp.^ce.  General  intersector  coordination  includes  those  Informational 
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transfers  that  are  performed  to  keep  cognizant  of  multisector  traffic 
movement,  but  are  not  part  of  handoff,  traffic  structuring,  pilot  re- 
quest, or  polntout  activities.  General  system  operation  refers  to  the 
remaining  activities  not  included  in  the  above  categories,  activities 
such  as  equipment  operation  and  flight  data  maintenance. 

These  functions  provided  an  .idequ.ite  basis  for  a first- 
order  calibration  of  sector  team  workload  1 imi  t.at  ions  on  traffic  cap.icity, 
b<it  they  lacked  sufficient  operatlon.il  detail  to  support  subsequent  pro- 
ductivity evaluations  of  potential  design  modifications  to  ATC  system 
equipment.  For  this  purpose,  routine  sector  team  .icrivlties  were  dif- 
ferentiated on  the  basis  of  ident  i f l.abl  e control  events,  each  of  wiilcli 
represents  the  operational  consequence  of  a specific  set  of  task  actions, 
as  shown  in  T.ible  1.  Kach  control  event  describes  ,i  recognizable  oper.i- 
t ion,  tile  worklo.'id  contr  ilmt  ion  of  wliicli  is  placed  in  one  of  the  following 
task  performance  categories: 

• A/C  radio  communication 

• FDP/RDP  oper.ation 

• Flight  strip  processing 

• Interphone  communication 

• Direct  voice  commun  ic.at  i on . 

The  set  of  events  identified  in  Table  1 includes  tli«'  event 
set  observed  ;it  the  Los  Angeles  Center,  but  is  expanded  to  Include  events 
observed  at  the  Atlanta  Center.  The  routine  control  events  .ind  the  At- 
lanta Center  data  observations  are  described  in  Appendix  A. 


Routine  F.vent  Performance  Times--'rhe  individual  t.isk  per- 
form.ince  times  shown  in  Table  1 are  stopwatch  me.'isurement s of  obsi'rvial 
minimum  execution  times  .at  the  I, os  Angeles  Center.  These  represent  sec- 
tor team  work  capabilities  during  capacity  traffic  conditions,  when 
controllers  are  assumed  to  be  operating  at  pe.ak  efficiency.  Spot  checks 
during  the  Atlanta  Center  data  observ.at  ions  (where  tr.iffic  was  relatively 
moderate  because  of  two  airline  strikes)  did  not  contradict  the  origin.il 
I. os  Angeles  Center  task  pcrform.ince  time  data. 

The  basic  events  of  Table  1 are  .a  set  of  perform.ance  iti-ms 
necessary  for  event  execution;  supplemental  events  are  performed  only 
when  required.  For  example,  under  the  control  Jurisdiction  transfer 
function,  the  basic  h.indoff  .accept.ance  event  is  performed  silently  and 
requires  2 man-sec  <if  FDP/RDP  keyboard  or  trackball  manual  oper.ation  to 
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ROUTINE  EVENT  MINIMUM  PERFORMANCE  TIME  ESTIMATES 
TWO-MAN  SECTOR  OPERATION 
SYSTEM  lA— NAS  STAGE  A BASE 


Event 

Function 


Control 

jurisdiction 

transfer 


Minimum  Task  Performance  Time 


Routine  Control  Event  Description 


(man-sec/ task) 


system 

joeration 


Basic  Event  and 
Supplemental  Event 


A/G 

Communi 

cation 


Handof f acceptance 
Flight  data  update 
Xntersector  coordination 
New  flight  strip  preparation 
Handoff  initiation-automatlc 
Manual  initiation-silent 
Intersector  coordination 


Initial  pilot  call-in 

Flight  data  altitude  insert 
Altitude  instruction 

Flight  data  altitude  amendment 
Intersector  coordination 
Heading  instruction 
Flight  data  amendment 
Intersector  coordination 
Speed  instruction 

Intersector  coordination 
Altimeter  setting  instruction 
Runway  assignment  instruction 
Pilot  altitude  report 

Flight  data  altitude  insert 
Pilot  heading  report 
Pilot  speed  report 
Traffic  advisory 
Transponder  code  assignment 
Flight  data  code  amendment 
Miscellaneous  A/G  coordination 
Frequency  change  instruction 
Intersector  coordination 


Altitude  revision 

Flight  data  altitude  amendment 
Intersector  coordination 
Route/heading  revision 

Flight  data  route  amendment 
Intersector  coordination 
Speed  revision 
Clearance  delivery 
Miscellaneous  pilot  request 


Pointout  acceptance 

Data  block  suppression 
Pointout  initiation 


Control  instruction  approval 
Planning  advisory 
Aircraft  status  advisory 
Control  jurisdiction  advisory 
Clearance  delivery 
Flight  data  update 


Flight  data  estimate  update 
Data  block/leader  line  offset 
Data  block  forcing/removal 
Misce? lanecus  data  service 
Flight  strip  sequencing/removal 
Equipment  adjustment 


Task  performance  time  estimates  are  based  on  data  collected  at  the  Los  Angelos  Center. 


Indicated  value  is  double  the  measured  direct  voice  communication  time  duration. 
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offoct  tho  lianiioff  and  1 man-soc  of  flight  strip  ntamial  marking  to  ri’ford 
its  occurronco.  In  somo  casos,  suppl omcMit al  FOP  koypnncii  operations  are 
necessary  to  input  additional  fliglit  ilata.  For  instance,  a sector  team 
receiving  an  aircraft  taking  off  from  a non-AKTS  111  equipped  terminal 
control  facility  wi-nild  input  an  airport  departiiri'  message  to  update  the 
FDP  dat.i  fil»-.  This  latter  actii>n,  which  requires  I man-sec,  is  an  ad- 
ditional activity  bringing  the  total  time  to  man-sec  of  sector  team 
wi'>rk  for  these  activities.  A supplemental  Intersector  coordination  ac- 
companying the  basic  silent  handoff  typically  requires  a 7-sec  Interphone 
communication  and  a l-sec  oral  message  relay  or  consultation  between  the 
R and  D controllers.  Since  i.lu’  oral  consultation  simultaneously  consumes 
1 sec  of  both  controllers'  timt',  this  direct  voice  communication  requires 
6 man-sec  of  sector  team  work,  whiclt  is  sliown  in  Table  1.  On  rare  occa- 
sions, an  unexpected  aircraft  "pop-up"  requires  manual  preparation  of  a 
new  paper  flight  strip,  which  consumes  an  additional  10  man-sec. 

The  basic  handoff  initiation  event  is  automatically  per- 
formed by  the  NAS  Stage  Aid. 2 computer  system  when  an  aircraft  arrives 
at  some  predefined  lo''ation  (preset  by  program  parameters)  at  or  ni-ar 
sector  bouinlarles,  and  requires  only  1 man-sec  of  flight  strip  manual 
marking  by  a controller.  The  supplemental  1 man-sec  manual  initiation 
occurs  wlien  a controller  prefers  to  hand  off  the  aircraft  at  some  loca- 
tion other  than  that  specified  by  the  automatic  handoff  parameters. 

All  traffic  structuring  and  pilot  request  basic  events 
are  Initlateil  by  an  A/G  communication  and  generally  Include  some  form  of 
flight  strip  nuarking.  The  performance  time  of  each  A/G  communication 
task,  which  entails  negotiation  and  confirmation  between  pilot  and  con- 
troller, is  measured  from  the  beginning  transmission  to  tln'  ending  trans- 
mission for  both  parties  and  includes  time  devoted  to  decision  making.  I 

Similarly,  Interphone  and  direct  voice  communication  Includes  both 
decision-making  and  transmission  time. 

Flight  strip  marking  is  of  two  types:  confirmation  or 
recording  of  a specific  event  by  means  of  a written  check  mark  or  circle 
on  the  flight  strip,  which  takes  1 man-sec,  and  data  updating,  writing  a 
numeric  speed,  altitude,  heading,  or  beacon  code  revision  on  the  flight 
strip,  which  takes  2 man-sec.  In  cases  wher»'  altitude  clearances  do  not 
conform  to  current  flight  plans,  the  FDF  flight  data  file  is  amended  by 
manual  keyboard  entry.  FIlP  operations  of  this  kind  typically  consume 
1 man-sec,  but  more  elaborate  entries,  sucli  as  route  data  amendment, 
take  longer. 

Although  tliese  manual  task  descriptions  are  characteristic, 
two  exceptions  are  noted  under  the  general  system  operation  function.  Thi- 
flight  data  estimate  update  event  requires  the  0 controller  to  accept,  bv 
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means  of  a 1-sec  keyboard  operation,  FDP  computer-generated  flight  data 
messages  on  his  computer  readout  device  (CRD),  and  to  copy  the  displayed 
information  (e.g.,  aircraft  expected  arrival  time,  airport  departure 
time,  altitude  route,  or  beacon  code  revisions);  it  takes  at  least  3 sec 
to  hand-copy  this  data  onto  proposal  flight  strips.  The  2-sec  flight 
strip  sequencing/reraoval  event  refers  to  the  on-line  manual  arranging 
and  ordering  of  strips. 


Routine  Event  Frequency--Seven  sectors,  representing  dif- 
ferent primary  traffic  flow  characteristics,  were  selected  for  observation: 

• Sector  36  (Allatoona,  AlAl)--high  enroute  traffic, 

FL330*  and  above. 

• Sector  37  (Crossville,  CSV) --departure  transition 
traffic,  FL240-FL310. 

• Sector  38  (North  Departure,  NDEP) --departure 
traffic,  FL120-FL230. 

• Sector  41  (Norcross,  OCR) --arrival  traffic, 

FL120-FL230. 

• Sector  42  (Lanier,  2LI)--arrival  transition, 
traffic,  FL240-FL310. 

• Sector  46  (Commerce,  2CP)--low  arrival  traffic, 
surface  to  FLllO. 

• Sector  52  (Hinch  Mountain,  HCH)--low  enroute 
traffic,  surface  to  FL230. 

One  additional  sector,  51  (Rome,  RMG),  representing  an  eighth  traffic 
flow  characterist ic--low  departure  traffic,  surface  to  FL110--was  also 
observed,  but  data  collection  was  not  successful  because  of  faulty  re- 
cording devices. 

The  Atlanta  Center  sectors  are  configured  in  a radial 
traffic  flow  design  centered  on  the  Atlanta  terminal  area.  Four  departure 
corridors  take  climbing  traffic  from  Atlanta  to  the  north,  east,  south, 
and  west,  while  four  arrival  corridors  take  descending  traffic  into  At- 
lanta from  the  northeast,  southeast,  southwest,  and  northwest.  Sectors 
are  structured  stepwise  along  these  corridors. 


FL  (flight  level)  is  pressure  altitude  in  hundreds  of  feet; 
FL330  = 33,000  ft. 
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Sectors  '37  siui  ti.'tnillo  .'i  1 rc r.i  1' t alonj;  tlio  norlliboiind 
departure  cc"-  lor,  while  Sectors  ^*1  and  42  handle  aircraft  along  the 
arrival  corri«_r  from  the  northeast.  Sector  '38  accepts  outhound  air- 
craft, primarily  airline  flights,  from  the  Atlanta  Terminal  Radar  Con- 
trol (TRACON),  Sector  .37  processes  transitioning  aircraft  climhlng  out 
of  Sector  18,  wlvlle  Sector  42  processes  transitioning  traffic  descending 
Into  Sector  41.  Sector  '36  overlies  Sectors  37  and  '38  (as  well  as  others! 
and  handles  high  cruising  overflights  as  well  as  some  t rans i t iotti ng  air- 
craft Into  and  out  of  sectors  helow  It. 

Sectors  46,  11,  and  52  differ  from  the  ahovi-  si'ctors  in 
that  they  handle  primarily  nonairline  flights  in  lower  airspace.  They 
handle  low  overflights  and  transitioning  traffic  into  and  out  of  air- 
ports outside  tlio  Atlanta  terminal  area.  In  addition.  Sector  46,  which 
underlies  Sector  41  In  the  northe.ast  arrival  corridor,  processes  traffic 
into  the  Atlanta  TRACON  .a  I rsp.tce.  Similarly,  Si'Ctor  51  (no  d.ata  records 
retained)  underlies  Sector  38  in  the  northhound  departure  corridor  aiui 
processes  aircraft  out  of  the  TRACON  airspace. 

As  expected,  tr.'iffic  control  techniques  vary  from  sector 
to  sector  according  to  traffic  flow  characteristics  and  control  require- 
ments. The  differences  attd  similarities  in  control  operations  are  il- 
lustrated by  the  measurements  of  event  freqtiencles  summarized  in  T.ihle  2. 
Kach  frequency  valiie  Is  the  r.atio  of  the  total  number  of  events  observed 
to  occur  In  a sector  over  a long  period  of  lime  to  the  total  number  of 
aircraft  generating  the  events;  therefore,  each  frequency  value  is  an 
empirically  derived  representation  of  the  expected  r.'ite  of  event  occur- 
rence associated  with  each  aircraft.  The  data  bases  for  these  event 
frequencies  are  described  in  Appendix  A. 


Routine  Worklo.id  Weight  ing--The  control  event  d.it.i  me.isvire- 
ments  provide  a mechanism  for  estimating  the  t e.'im  routine  workload  asso- 
ciated with  a sector  flight.  r.il  culat  ed  workload  wi'lght  Ings  for  each 
event  .are  obt.ained  by  multiplying  event  performance  times  by  .appropriate 
event  frequencies.  The  resulting  team  (R  and  1!  controllers!  routine 
workload  weightings  by  sector  (.as  summarized  in  Appendix  C!  for  Sectors 
.36,  17,  18,  41,  42,  46,  and  52  are  51  , 64,  77,  ‘32,  66,  81,  and  101  man-sec/ 
aircraft,  respectively, 

b.  Two-Man  Team  Conflict  Processing  Work 

Aircraft  conflict  situations  arise  whei\  there  is  a prospec- 
tive violation  of  tl\e  minimum  separation  allow.able  between  aircraft.  Re- 
cause  prevention  of  such  situ.atlons  requires  corrective  .action  in  .adv.anct'. 
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conflict  avoi  il.incc  hv  tlu-  controller  itccossl  talcs  a ratln-r  wcl  1 -ili'vcl  opcil 
capability  to  perceive  potential  conflict,  to  mentally  project  fli>>lu 
trajectories.  The  R controller  activities  are  iletectlon  and  assessment, 
and  resolution  of  potential  conflicts. 

The  detection  and  assessment  task  entails  situation  recog- 
nition and  action  selection  based  on  traffic  data  derived  from  I’VO  surveil- 
lance and  flight  strips;  the  resolution  Is  the  Issuance  and  negotiation  of 
control  Instructions  by  means  of  A/l'  communication.  Kffectlve  detection 
and  .tssessment  depend,  to  a large  extent,  on  judgment  and  familiarity  with 
procedures  develviped  through  control  t'xperlence.  Observations  reveal  that 
journevmen  R controllers  have  refltti'd  these  capabilities  to  such  a degree 
that  situation  resolution  Instructions  are  typically  Issued  vdien  conflict- 
ing aircraft  first  enter  the  st'ctor  (l.e.,  on  first  communication  with 
the  R controller!.  The  corrective  actions,  which  usually  occur  five  or 
more  minutes  before  violation  would  be  Imminent,  are  performeil  as  soon  as 
possible  to  avoid  possible  controller  di  st  rac  t u->ns  by  other  critical 
sit  uat Ions. 


Conflict  Kvent  Performance  Time--Cont rol 1 er  interviews  and 
review  of  videotaped  actions  reveal  that  twvi  conflict  reactions  are  perti- 
nent to  controller  w^irkload;  potential  crossing  conflict  and  potential 
overtaklitg  conflict. 

Crossing  conflicts  occur  at  the  i nt t-rsee t i on  or  merging 
of  air  routes,  while  overtakes  occur  along  routes;  in  either  case,  .lir- 
craft  may  be  In  climb,  descent,  or  cruise.  The  characteristics  v^f  each 
event  that  affect  wiirkload  are  distinguished  by  the  time  required  to  per- 
form the  detection  and  assessment  and  the  resolution  tasks  (see  Table  I! . 

rtn'  decision-making  tlmi-  (20  sec!  devotetl  to  detection  is 
the  s.ime  for  both  conflict  events,  while  the  resolution  task  time  of  a 
potential  crossing  conflict  (AO  sec!  is  twice  that  of  a potential  overtak- 
ing conflict.  This  Is  because  controllers  generally  rely  on  vectoring  or 
altitude  revision  to  correct  crossing  conflicts  and  often  later  instruct 
an  aircr.ift  to  return  to  Its  origirral  course. 


Conflict  Kvent  Frequencv--SRl  has  developed  a number  of 
simple  m.«themat  leal  relationships  for  est  Inviting  tlu'  expected  number  of 
potential  crossing  and  overtaking  conflict  events  in  a sector  over  a 
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CONFLICT  EVENT  PERFORMANCE  TIME  ESTIMATES 
ATLANTA  CENTER,  TWO-MAN  SECTOR  OPERATION 
SYSTEM  1A--NAS  STAGE  A BASE 


Minimum 

Task 

Conflict  Event 

Performance  Time 
(man-sec/task) 

Minimum  Event 
Performance 

Detection 
and  Assessment 

Resolution 

Time 

(man-sec/event) 

Crossing 

20 

40 

60 

Overtaking 

20 

20 

40 

Based  on  data  collected  at  the  Los  Angeles  Center  and  observations  of 
Atlanta  Center  operations. 


specified  time  period.^  These  mathematical  models  relate  the  frequency 
of  conflicts  to  sector-specific  parameters  describing  the  aircraft  flow 
rates  and  speeds  along  each  route,  the  separation  minima,  the  intersec- 
tion and  merging  angles  between  the  routes,  the  numbers  of  Intersections 
and  merges,  the  length  of  routes,  and  the  number  of  flight  levels  at 
which  conflicts  can  occur.  The  mathematical  formulations  are  structured 
to  reflect  specific  sector  and  traffic  characteristics  affecting  conflict 
events. 

The  application  of  the  modeling  techniques  to  the  seven 
sectors  Is  described  In  Appendix  B and  results  In  the  conflict  event 
frequency  factors  shown  in  Table  4.  Since  conflict  event  frequency  is 
related  to  the  intersections  of  pairs  of  aircraft,  rather  than  directly 
to  each  aircraft,  the  factors  estimate  expected  event  occurrence  as  qua- 
dratic or  bilinear  functions  of  hourly  sector  traffic  flow. 


The  models  have  been  used  on  numerous  occasions  by  SRI  to  evaluate 
sector  traffic  capacities  at  various  enroute  and  terminal  area  control 
facilities,  and  they  appear  to  be  quite  realistic  representations  of 
observed  traffic  situations.’'"'^ 
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Table  A 


ESTIMATED  FREQUENCY  OF  CONFLICT  EVENTS  PER  SECTOR 
ATLANTA  CENTER,  TWO-MAN  SECTOR  OPERATION 
SYSTEM  1A~NAS  STAGE  A BASE 


Sector 

Conflict  Event  Frequency  Factor 
[ (conflicts/hr) /(alrcraft/hr)^J 

Crossing 

Overtaking 

High  enroute  (36) 

4.8  X 10“^ 

0.9  X 10”^ 

Departure  transition  (37) 

4.4  X 10"^ 

0.5  X 10"^ 

Departure  (38) 

0 

0.7  X 10”^ 

Arrival  (41) 

2.7  X 10"^ 

6.4  X 10“^ 

Arrival  transition  (42) 

3.5  X 10"^ 

5.8  X 10"^ 

Low  arrival  (46) 

6.6  X 10"^ 

0.7  X 10"^ 

Low  enroute  (52) 

5.3  X 10"^ 

4.3  X 10“^ 

Conflict  workload  weightings  analogous  to  routine  workload 
weightings  [i.e. , (inan-sec/hr)/(aircraft/hr)^]  nay  be  obtained  by  nulti- 
plying  the  conflict  e/ent  performance  times  by  the  appropriate  frequency 
factor. 


2.  Radar  Controller  Workload 

A RECEP  formulation  similar  to  the  team  model  was  developed  to 
describe  R controller  workload  under  two-man  sector  operation.  R con- 
troller items  of  work  are  surveillance,  routine  work,  and  conflict  pro- 
cessing. 

a.  R Controller  Surveillance  Work 

Surveillance  activities  could  not  be  adequately  measured 
during  the  field  observation  and,  therefore,  are  not  included  in  the 
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callbrAtion  of  team  workload.  However,  since  routine  PVD  surveillance 
is  an  important  R position  responsibility,  we  formulated  assumptions 
regarding  surveillance  frequency  and  time  duration. 

Information  on  PVD  surveillance  was  developed  from  Inter- 
views with  controllers  and  reflects  their  perceptions.  To  maintain  a 
mental  picture  of  traffic  movement,  they  are  likely  to  look  at  an  air- 
craft's data  display  once  every  minute,  I to  1.5  sec/look  being  sufficient 
time  to  identify  aircraft  and  recognize  situations.  The  assumptions — 

1.25  sec/look  and  1 look/aircraft-min  — result  in  the  surveillance  workload 
weightings  presented  in  Table  5. 

It  Is  reasonable  that  the  rate  of  surveillance  work  per 
aircraft  is  sensitive  to  the  size  of  the  sector;  aircraft  are  in  Sectors 
37  and  46  for  longer  periods  than  in  the  other  sectors,  and  they  generate 
proportionately  more  surveillance  work. 


Table  5 

R CONTROLLER  SURVEILLANCE  WORKLOAD  WEIGHTING,  BY  SECTOR 
ATLANTA  CENTER,  TWO-MAN  SECTOR  OPERATION 
SYSTEM  lA— NAS  STAGE  A BASE 


Sector 

Aircraft  Average 
Transit  Time 
(min) 

Surveillance 
Workload  Weighting* 
(man-aec/aircraft) 

High  enroute  (36) 

20 

25 

Departure  transition  (37) 

21 

26.25 

Departure  (38) 

12 

15 

Arrival  (41) 

19 

23.75 

Arrival  transition  (42) 

18 

22.5 

Low  arrival  (46) 

21 

26.25 

Low  enroute  (52) 

14 

17.5 

Based  on  1,25  man-sec/alrcraft-min. 
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b.  R Controller  Routine  Work 

During  intense  traffic  activity,  the  R controller  concen- 
trates on  the  traffic  in  his  sector,  primarily  occupying  himself  with 
basic  traffic  structuring,  pilot  requests,  and  equipment  operation. 

As  a result,  he  performs  all  A/G  communications  as  well  as  tasks  associated 
with  active  flight  strips  (including  all  traffic  structuring  and  pilot 
request  flight  strip  processing),  various  RDP-related  actions,  and  his 
half  of  direct  voice  communications.  The  resulting  task  performance  times 
are  shown  in  Table  6.  Workload  weightings  based  on  the  event  frequencies 
of  Table  2 are  summarized  in  Appendix  G for  both  the  two-man  team  and  the 
R controller  alone. 


c.  R Controller  Conflict  Work 

The  two-man  conflict  processing  workload  is  allocated  en- 
tirely to  the  R position. 


3.  Workload  Modeling 

Both  the  two-man  team  (R  and  D controllers)  and  R controller 
workload  models  were  developed  during  the  Los  Angeles  Center  case  study. 
The  team  model  is  based  on  data  measurements  of  observed  routine  and 
conflict  processing  controller  activities  (as  described  in  the  preceding 
paragraphs)  and  is  used  to  estimate  the  sector  control  team  workload  time 
devoted  to  these  activities  as  a function  of  traffic  flow  rate.  Sector 
team  workload  time,  W-p,  measured  in  man-min/hr,  is  calculated  using  an 
additive  model  of  the  work  components; 

2 2 

W = k N + k N + k^N 
T 1 2 3 

where 

N is  the  number  of  aircraft/hr  through  the  sector. 

k^  is  the  team  routine  workload  weighting,  measured  in  man-min/ 
a i rc  ra  f t . 

k is  the  crossing  conflict  workload  weighting  measured  in 
2 0 
(man-mln/hr)/(aircraf  t/hr)*-. 

k is  the  overtaking  conflict  workload  weighting  measured  in 
(man -min/h r) /(aircraft /hr) 
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Table  6 


R-CONTROLLER  EVENT  MINIMIIM  PERFORMANCE  TIME  ESTIMATES 
TWO-MAN  SECTOR  OPERATION 
SYSTEM  lA— NAS  STAGE  A BASE 


Rout  U'.ie 

Control  Event  Pescrlption 

Mlnimvtm  Task  Fertomatu'e  Time 

(man-sec/task) 

Minimum 

Event 

Perform- 

ance 

Time 

(man-sec / 
event ) 

Fveni 

Function 

Basic  Event  and 
Suppleraental  Event 

A/G 

Common l- 
cat  ton 

FDP/RDP 
Oper- 
ac  ion 

Flight 

Strip 

Pro- 

cessing 

Inter- 
pl\one 
Toranxini- 
oac  ion 

Direct 

Voice 

Coramuni- 

cat i on 

Control 
Jurlsdlct Ion 
transfer 

Handoff  acceptance 

Flight  data  update 

Intersector  coordination 

New  flight  strip  preparation 
Handoff  Init iut ion-autotnatic 
Manual  Init lat ion-sllenc 
Intersector  coordination 

3 

3 

3 

3 

Iraf  f Ic 
structuring 

Initial  -pilot  call-in 

Flight  data  altitude  Insert 
Altitude  Instruction 

Flight  data  altitude  amendment 
Intersector  coordination 
Heading  instruction 

Flight  data  amendment 
Intersector  coordination 

Speed  instruction 

Intersector  coordination 
Altimeter  setting  Instruction 
Runway  assignment  instruction 
Pilot  altitude  report 

Flight  data  altitude  insert 
Pilot  heading  report 

Pilot  speed  report 

Traffic  advisory 

Transponder  code  assignment 
Flight  data  code  amendment 
Miscellaneous  A/G  coordination 
Frequency  change  Instruction 
Intersector  coordination 

it 

it 

5 

s 

i 

1 

S 

5 

5 

it 

4 

5 

4 

1 

2 

2 

1 

2 

2 

2 

1 

1 

1 

H 

Pilot 

Altitude  revision 

8 

request 

Flight  data  altitude  amendment 

Intersector  coordination 

3 

1 

Route/headlng  revision 

■1 

10 

Flight  data  route  amendment 

Intersector  coordination 

4 

Speed  revision 

HE^H 

1 

■■ 

8 

Clearance  delivery 

22 

Miscellaneous  pilot  request 

8 

Polntout 

Pointout  accept«ince 

r 

4 

Data  block  suppression 

J 

i 

Pointout  In 1 t lat ion 

4 

4 

General 

Control  Inst  ruction  approval 

3 

\ 

Intersector 

Planning  advisory 

3 

3 

coordlnat Ion 

Aircraft  status  advisory 

3 

3 

Control  jurisdiction  advisory 

3 

3 

Clearance  delivery 

3 

3 

Flight  data  update 

•'•'neral 

Flight  data  estimate  update 

ivstem 

Data  block/leader  lino  offset 

2 

operation 

Data  block  forclng/remv'val 

\ 

3 

Misccl laneous  data  service 

Flight  strip  sequencing/ removal 

Equipment  adjustment 

3 
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Using  tho  to.ini  wiirklond  niodol  to  construct  the  K controller 
nxidel,  we  allocated  (as  described  in  the  preceding  paragraphs!  portions 
of  the  team's  routine  work  and  all  conflict  processing  work  to  the  R 
controller  and  in f eren t lal I y derived  R controller  surveillance  work. 

R controller  workload  time,  Wg,  measured  in  man-min/hr,  is  calculated 
using  the  additive  model  of  the  work  components: 

, 2 2 

’ 

wile  re 

N,  k.j,  and  k^  are  described  as  above  for  the  team  model. 

k^'  is  the  R controller  routine  wiirkload  weighting  in  man-min' 
aircraft. 

k,  is  the  surveillance  workload  weighting  in  man-mi n /ai rc ra f t . 

4 

The  importance  of  tlie  workload  component  structure  of  the  team 
and  R controller  models  is  the  capability  to  distinguish  the  control  work 
requirements  of  different  sectors  in  a manner  that  is  sensitive  to  each 
sector's  operational  characteristics.  Sector  routine  workload  (kiN  or 
kjM!  incre.tses  in  direct  proportion  to  the  traffic  flow  rate,  but  varies 
f fvim  one  sector  to  another  depending  on  the  pattern  of  traffic  flow 
througlt  each  sector  as  well  as  each  sector's  procedural  rules.  For  ex- 
.imple,  the  routine  wrkload  weighting  (k|  or  k^l  for  an  arrival  sector 
(wliere  vectoring  instructions  are  frequent)  would  differ  from  that  of  a 
high  enroute  sector  (wliere  vectorittg  is  not  as  frequent). 

Rec.tll  that  surve i 1 1 .ince  wiirkload  weighting  (k_^)  increases  in 
direct  proportion  to  sector  flight  time;  therefore,  surveillance  wiirkload 
(k_^N)  is  sensitive  to  the  geograpliic  sixe  of  a sector  as  well  as  the 
traffic  flow  rate.  Potential  cros.sing  and  overtaking  conflict  workloads 
tk.,N“)  or  k^N“)  increase  with  the  sqtiare  of  the  traffic  flow  rate.  The  • 
conflict  workload  weightings  (k.,,  kj)  calculated  for  one  sector  would  differ'.^ 
from  those  of  another,  depending  on  the  complexity  of  each  sector's  rovite 
tructuro  and  its  procedural  rules.  hi  particular,  the  derivations  of 
the  conflict  workload  weiglitings  (using  tlie  conflict  event  frequencies 
as  described  in  Appendix  B)  can  model  a varietv  of  aircraft  crossing  and 
merging  situations  including  level/level,  level ^climb,  climb/climb, 

I ovel /descent , and  so  forth. 

Tile  structure  of  the  wiirkload  model  equations  en.ibles  us  to 
differentiate  the  traffic  capacities  of  various  sectors  based  on  workload 
ch.iracteri St ics.  Our  capacity  estimation  procedure  is  described  in  the 
following  p.iragraplis.  As  part  of  this  description,  we  will  brleflv  show 
how  we  calibrated  the  team  model  of  observed  sector  capacities.  The 
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calibrated  team  model  is  "descriptive"  in  nature  and,  analogous  to  re- 
gression analysis,  empirically  relates  observed  data  (controller  activi- 
ties) to  an  outcome  (sector  capacity).  The  R controller  model  is  an 
attempt  to  develop  a "causative"  model  of  controller  behavior  by  account- 
ing for  all  the  work  associated  with  this  position.  It  was  therefore 
necessary  to  include  inferentially  derived  (from  controller  interviews) 
surveillance  workload,  which  is  not  based  on  observed  data.  A similar 
attempt  to  derive  a causative  model  for  the  D controller  was  not  success- 
ful because  we  could  not  determine  with  certainty  his  surveillance  re- 
quirements (complicated  by  D controller  requirements  to  respond  to  R 
controller,  PVD,  CRD,  and  FDP  activities). 


4.  Sector  Traffic  Capacities 

We  use  workload  to  define  the  traffic  capacity  of  a sector; 
in  doing  so,  we  assume  that  the  number  of  aircraft  that  can  be  handled 
through  a sector  during  any  given  time  is  limited  by  controller  or  con- 
trol team  capability  to  perform  required  communication,  data  maintenance, 
and  decision  making.  Our  observations  of  sector  operations  Indicate  that 
there  is  a maximum  total  time  that  a controller  or  control  team  can  spend 
performing  control  tasks.  During  the  Los  Angeles  Center  case  study,  we 
calibrated  the  two-man  sector  team  workload  model  using  interviewed  con- 
trollers' estimates  of  sector  capacities  and  found  that  66  man-min/hr  of 
team  routine  and  conflict  work  corresponded  to  reported  capacities  measured 
in  aircraft/hr. ^ Using  the  calibrated  Los  Angeles  Center  sector  capaci- 
ties, we  determined  that  the  R controller  workload  threshold  is  48  man- 
min/hr.^ 


We  use  these  previously  established  workload  thresholds--66  man- 
min/hr  for  the  two-man  sector  team  and  48  man-min/hr  for  the  R controller-- 
to  estimate  capacities  for  the  seven  sectors  observed  at  the  Atlanta  Center. 
We  simultaneously  apply  the  team  and  R controller  model  to  each  sector  to 
determine  which  one  (team  or  R controller)  constrains  sector  capacity. 

The  capacity  estimation  procedure  is  to  calculate  team  and  R controller 
workload  for  successive  5 aircraft/hr  increments  in  traffic  flow,  and  to 
interpolate  the  sector  traffic  capacity  corresponding  to  the  critical 
workload  threshold.  The  resulting  point  estimates  of  sector  capacities 
obtained  by  both  models  are  shown  in  Table  7.  Sectors  36,  37,  38,  41, 

42,  and  46  are  constrained  by  the  S controller  workload  that  results  with 
capacity  estimates  of  42,  38,  50,  30,  37,  and  35  aircraft/hr,  respectively. 
Sector  52  is  constrained  by  the  team  workload  that  results  with  a capacity 
estimate  of  33  alrcraft/hr. 


Table  7 


SECTOR  TR/\FFIC  CAPACITY  ESTIMATES 
ATLANTA  CENTER,  T170-MAN  TEAM  OPERATION 
SYSTEM  1A--NAS  STAGE  A BASE 


Sector 

Capacity  (aircraft/hr) 

Sector 

Controller 

SRI  Workload  Model 

Estimate* 

R Controller* 

High  enroute  (36) 

40-45 

57 

42  § 

Departure  transition  (37) 

35-40 

50 

00 

Departure  (38) 

45-50 

50 

50^ 

Arrival  (4^1) 

30-35 

38 

30  § 

Arrival  transition  (42) 

35-40 

46 

37  § 

Low  arrival  (46) 

30-35 

40 

35  5 

Low  enroute  (52) 

30-35 

33  § 

35 

Controller  estimates  of  sector  capacities  obtained  during  Interviews  at 
Atlanta  Center. 

^The  two-man  team  capacity  is  that  hourly  traffic  rate  that  generates 
66  man-min/hr  of  team  routine  and  conflict  work. 

^The  R controller  capacity  is  that  hourly  traffic  rate  that  generates 
48  man-min/hr  of  R controller  routine,  surveillance,  and  conflict  work. 

§ 

SRI  sector  capacity  point  estimate. 


For  comparison,  we  also  show  in  Table  7 the  sector  capacities 
estimated  by  Atlanta  Center  controllers.  These  estimates,  obtained  in 
interviews  during  our  data  collection  effort,  correspond  to  our  workload 
modeling-based  capacity  estimates.  In  a subsequent  review  of  our  capacity 
estimates,  an  Atlanta  Center  supervisory  staff  member  evinced  general 
agreement.  However,  he  conjectured  that  our  capacity  point  estimates  for 
Sectors  36  and  38  may  be  slightly  high  by  a few  aircraft/hr,  vdiile  the 
estimate  for  Sector  41  may  be  low  by  about  five  alrcraft/hr.  Since  the 
use  of  these  estimates  is  to  provide  a baseline  for  relative  productivity 
of  enhanced  systems,  these  small  capacity  differences  will  not  measurably 
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affi'i't  subsoqiuMit  comparisons  In  the  report.  Therefore,  we  will  use  the 
point  estimates  lieriveil  hy  the  workload  models  and  the  capacity  threslioltls 
of  bb  and  48  man-mln/hr  for  the  two-man  team  and  the  R controller,  re- 
spect Ively. 


B.  NAS  Staae  A Three-Man  Sector  Team  (System  IB) 

Three-man  sector  teams  were  not  in  operation  during  our  scheduled 
data  collection  periods,  and  modeling  of  tlielr  task  activities  Is  based 
on  controller  interviews*’  and  observat  lv>ns  without  data  collection  of 
three-man  operations.^""*  Controllers  report  tliat  this  manning  strategy 
requires  tlie  T controller  to  work  closelv  witlt  tl»e  R controller,  wliile 
tlxe  0 controller  is  operating  In  a less  reactive  role.  Tlie  T controller 
performs  the  time-critical,  PPP/ROP  manual  operations  In  reaction  to  R 
controller  actions  and  assists  in  fllgiu  strip  processing.  Tlie  h con- 
troller performs  mucli  of  the  interphone  conmiunlcat  ions  and  the  It'ss 
t ra  f f I c- reac  1 1 ve  FfiP/RDP  manual  operations  (c.g.,  fliglu  data  estimate 
updating!  and  flight  strip  processing  (e.g. , sequencing/removal).  We 
note  that  at  the  Atlanta  (\'nter  tiu'  T controller  is  pliyslcallv  situated 
betwt'en  two  adjacent  sector  consoles  so  that  lie  can  use  both  sectors' 
FDP/RDP  keyboards  to  manually  initiate  and  accept  handoffs  between,  tlie 
twii  sectors.  However,  in  this  so-called  "lialf-raan"  operation,  his  pri- 
m.iry  fvinctioi.  dialng  busy  periods  Is  to  directly  support  only  one  of  tile 
two  R controllers,  thus  effectively  being  integrated  into  tlie  control 
operations  of  one  sector  team. 

Since  tlie  R-T  control  operation  is  similar  in  structure  to  the 
R-n  team  oper.it  ion  of  the  two-man  sector  m.innlng  strategy,  the  66  m.in- 
min/hr  workload  limit  is  assumed  to  .apply  to  the  R-T  team.  The  cor- 
responding R-T  team  routine  event  perform.uice  times  are  shown  In  T.ible  8. 
T.isks  performed  by  the  1)  controlK-r  .ire  not  Included  In  this  model  formu- 
1. It  ion  .IS  his  worklo.ui  will  not  const  r.iin  traffic  c.ipaclty. 

The  48  man-min/hr  workload  limit  applies  to  tlie  R controller.  R con- 
troller t.isk  .illocations  .are  sirall.ir  to  those  described  for  the  two-m.in 
oper.it  ion  except  for  transfer  of  some  traffic  structuring  fllglit  strip 
processing  .ind  FDP/RDP  operations  to  tlie  T controller.  We  assume  that 
the  T controller  will  take  over  the  flight  strip  processing  associated 
with  the  .iltltude  instruction  and  transponder  code  assignment  events 
(in  conjunction  with  the  FDP/RDP  manual  tasks  required  for  these  events!, 
as  well  as  the  FDP/RDP  manual  oper.it  Ions  for  pointout  acceptance-data 
block  suppression  and  data  block/leader  line  offset  events  (which  par.illel 
Ills  li.indoff  .1C t I vi  1 1 es! . 
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K-r  TEAM  ROIMINE  EVENT  MINIMUM  PERUORHANOK  TlKK  KSTIMAIKS 
ArijWTA  UENTER,  IURKE-MAN  SECTOR  OPERATION 
SYSI>:M  IR--NAS  STACK  A RASE 


Rou(.i:w 

Control  Ev^rtt 

Minimum  Task  Performance  Time'* 

(man-sec/taak) 

Minimum 

Event 

Pe t form- 

ance 
Time* 
(man-sec/ 
event ) 

Fv^nt 

Function 

Rs»lc  Event  nnJ 
Supplemental  Event 

A/G 

Conuminl- 
cat  ion 

KOP/WtP 
Oper- 
at  Ion 

Flight 

Strip 

Pro- 

cessing 

Inter- 
phone 
Communl- 
cat  ion 

D 1 rec  t 
Voice 
Comraunl- 
cat lon^ 

Control 
Juriadlct ion 
tr«nater 

Hsndoff  acceptance 

Flight  data  update 

Interaector  coordination 

New  flight  atrip  preparation 
llandof  f intt  lac  Ion-automat  Ic 
Manual  Inlclatton-allent 
Interaector  coordination 

2 

3 

1 

1 

0(10) 

1 

0(7) 

1 

6 

3 

3 

6(13) 

0(10) 

1 

3 

n 

Traffic 

Initial  pilot  call-in 

4 

1 

■ 1 

3 

structuring 

Flight  data  altitude  Insert 

\ 

1 

4 

Altitude  InHttuctlon 

4 

2 

6 

Flight  data  altitude  amendment 

3 

3 

Interaector  coordination 

OO') 

(I 

6(M) 

Heading  Inatructlon 

S 

2 

7 

Flight  data  amendment 

10 

10 

Interaector  coordination 

0{S) 

6 

6(11) 

Speed  inerruction 

5 

2 

T 

Interaector  coordination 

O(^) 

6 

6(11) 

Altimeter  getting  Instruction 

1 

1 

4 

Runway  aaslgniaent  Instruction 

i 

3 

Pilot  altitude  report 

5 

*1 

7 

Flight  data  altitude  Insert 

\ 

3 

Pilot  heading  report 

5 

2 

7 

Pilot  speed  report 

5 

2 

7 

Traffic  advisory 

4 

4 

Transponder  code  aaalgnaent 

4 

4 

Flight  data  code  amendment 

i 

2 

> 

Miscellaneous  A/C  coordination 

S 

S 

Frequency  change  instruction 

4 

1 

> 

Interaector  coordination 

0(A> 

MIO) 

Pilot 

Altitude  revision 

h 

2 

8 

nr^iissc 

Flight  data  altitude  amendment 

j 

\ 

Interaector  coordination 

0(" 

h 

6(11) 

Koute/headlng  revtalcn 

» 

2 

10 

Flight  data  route  amendment 

10 

10 

IntersecCor  coordination 

0(6) 

8 

S(U) 

Speed  revision 

() 

2 

8 

Clearance  delivery 

20 

3 

2‘» 

Mi.scellaneoua  pilot  request 

S 

8 

Polntout 

Polntout  acceptance 

0(7) 

8 

8(13) 

Oata  Mock  .suppression 

1 

Polntout  initiation 

\ 

7 

8 

.'0 

Csn^Tsl 

Control  Instruction  approval 

0(3) 

t> 

6(1  I ) 

Int-  r^sTtor 

PlAnnlng  advisory 

\>(M 

h 

6(11) 

*c<H>  r<l  Inst  iv>n 

Aircraft  status  advisory 

O(') 

h 

6(11) 

Control  3^iTisd  let  ion  advisory 

l)(6) 

!' 

6023 

1 

Cle.traoi'e  delivery 

oo 

Ou’O' 

6(28) 

• 

Flight  data  update 

0(J1 

OO) 

A’.onorsl 

Flight  data  estimate  update 

0(0 

l)( ») 

()(-.' 

'HVflfCfll 

n.na  Mock/leader  line  offset 

2 

2 

'op*' r;iti  on 

Data  hlock  fore lng/rar>oval 

J 

3 

j 

Mlsce’ Inneoua  data  service 

1 

Flight  strip  aequenc Ing/removal 

0u’> 

0(.'> 

1 

E>;ulpaent  adjustment 



3 
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Conflict  processing  and  surveillance  work  nre  the  same  as  those 
described  for  two-man  sector  operations.  Routine  event  frequencies  are 
as  shown  In  Table  2,  and  routine  workload  weightings  are  summarized  in 
Appendix  C. 

Sector  traffic  capacity  Is  the  traffic  flow  rate  that  generates  the 
quantity  of  work  corresponding  to  the  R-T  controller  team  (66  man-mln/hr) 
or  R controller  (48  man-mln/hr)  workload  threshold,  whichever  Is  critical. 
Under  three-man  sector  operations,  the  capacities  of  Sectors  36,  37,  38, 

41,  42,  46,  and  52  are  44,  42,  55,  32,  40,  37,  and  37  alrcraft/hr,  re- 
spectively. In  each  case,  the  R controller  (48  man-mln/hr)  limits  capacity. 
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III  ENHANCEMENT  SYSTEMS 


In  this  section  we  describe  the  technological  and  operational  aspects 
of  various  proposed  UG3RD  enhancement  features  and  assess  their  Impacts 
on  sector  workload  and  traffic  capacity.  These  features  are; 

• Automated  data  handling 

• Enroute  metering 

• Automated  local  flow  control 

• Conflict  probe 

• Area  navigation  (RNAV) 

• Discrete  Address  Beacon  System  (DABS)  data  link 

• DABS-based  intermittent  positive  control  (IPC). 

The  enhancement  feature  descriptions  are  based  on  documents'”^ 
describing  the  FAA  engineering  and  development  plan  for  enroute  ATC  and 
the  UG3RD  ATC  System,  on  consultations  with  Los  Angeles  Center  personnel, 
and  on  our  experience  and  judgment.  The  descriptions  are  SRI's  views  on 
how  the  various  features  might  be  implemented  in  an  operational  enroute 
environment  and  do  not  necessarily  conform  to  the  referenced  documentation. 

We  consider  each  feature,  in  the  order  of  the  above  list,  to  be  in- 
crementally added  to  the  preceding  feature.  The  current  NAS  Stage  A 
System  described  in  the  preceding  section  is  taken  to  be  the  base  system. 

A.  Automated  Data  Handling  (System  2) 

Automated  data  handling  includes  the  Implementation  at  sector  posi- 
tions of  the  following  automation  items: 

• Electronic  tabular  flight  data  display 

• RDP/PVD  refinements. 


( 
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Electronic  Tabular  Flight  Data  Display 


The  tabular  display  is  the  major  item  of  interest  because  of 
its  impact  on  sector  controller  activities  and  its  sector  configuration 
redesign  implications.  The  tabular  display,  an  electronic  alphanumeric 
presentation  of  flight  data  currently  printed  on  the  paper  flight  strips, 
would  replace  the  flight  progress  board.  The  display  is  assumed  to  be 
refreshed  automatically  by  the  FDP  computer  system  and  to  be  accessible 
by  sector  team  keyboard  entry  devices.  It  is  designed  to  eliminate  manual 
flight  strip  processing  by  consolidating  all  on-line  data  presentation 
and  maintenance  into  an  FDP  computer -interactive  format  (thus  nullifying 
current  system  requirements  to  simultaneously  perform  redundant  FDP  and 
flight  strip  processing  operations)  and  to  facilitate  sector  team  hand- 
off  and  pointout  operations. 


Use  of  the  tabular  display  would  affect  control  work  by  altering 
the  task  performance  items  as  shoTm  in  Table  9.  For  example,  the  FDP  com- 
puter system  is  capable  of  recognizing  handoff  initiation  and  acceptance 
events  and  automatically  indicating  their  occurrence  on  a tabular  display 
of  flight  data  for  each  aircraft.  This  capability  eliminates  the  I man- 
sec  manual  recording  on  flight  strips  of  a handoff  event.  However,  prepa- 
ration of  new  flight  files  for  unexpected  aircraft  pop-ups  must  still  be 
performed  (obtained  from  Table  1 by  transforming  the  associated  10  man-sec 
flight  strip  processing  task  into  an  FDP  operation  of  equal  time  duration). 
Silent  handoff  initiation  could  be  manually  performed  by  a 1 man-sec 
"button  pushing"  operation  on  the  aircraft's  electronic  flight  data  tabu- 
lation, rather  than  the  current  3 man-sec  FDP/RDP  operation. 


For  traffic  structuring  and  pilot  request  events,  the  R con- 
trollers' flight  strip  processing  tasks  become  D controller  FDP  operations. 
Event  recording  tasks  (i.e.,  recording  the  occurrence  of  a pilot  call-in, 
altimeter  setting,  or  frequency  change  instruction)  are  assumed  to  be  ac- 
complished by  simple  direct  entry  devices  on  the  tabular  display;  they 
would  not  take  longer  than  the  current  (flight  strip)  performance  times 
of  1 man-sec  each.  Since  current  FDP  data  entries  require  3 man-sec  to 
perform  the  necessary  keyboard  operations,  this  value  is  assumed  to  apply 
to  data  entry  operations  using  the  tabular  display.  Therefore,  implemen- 
tation of  the  tabular  display  would  actually  increase  data  entry  operations 
by  1 man-sec  relative  to  current  flight  strip  entries.  The  3 man-sec  data 
entry  time  may  be  a pessimistic  estimate  if  one  considers  the  possibility 
of  designing  improved  man-machine  interaction  devices  as  part  of  the  tabu- 
lar display,  but  it  is  nevertheless  adopted  for  lack  of  more  precise  data. 
The  FDP  operations  required  for  accepting  handoffs  could  also  give  a visual 
signal  (e.g.,  blinking  light)  from  the  aircraft's  flight  data  tabulation, 
which  could  be  removed  by  pushing  a button  upon  issuance  of  the  radio 
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Table  9 


■"1 


R-D  TEAM  ROUTINE  EVENT  MINIMUM  PERFORMANCE  TIME  ESTIMATES 
TWO-MAN  SECTOR  OPERATION 
SYSTEM  2--AUl'OMATBD  DATA  HANDLING 


Routine 

Control  Event  Description 

Minimum  Task  Performance  Time^ 
(man-aec/task) 

Minimum 

Event 

Perform- 

anre 

Time* 

(nan-aec/ 

event) 

Event 

Function 

Basic  Event  and 
Supplemental  Event 

A/C 

Connunl' 
cat  Ion 

FDP/RDP 

Oper- 

ation 

Flight 

Strip 

Pro- 

cessinR 

Inter- 

phone 

CoiBBunl- 

cation 

Direct 

Voice 

Conmiunl- 

catlon^ 

Control 

Handoff  acceptance 

2 

0(1) 

2(3) 

jurisdiction 

Flight  data  update 

3 

3 

transfer 

Intersictor  coordination 

7 

6 

13 

Nev  flight  strip  preparation 

10(0) 

O(lp) 

10 

Kandoff  iDitlatioo-automatic 

0(1) 

0(1) 

Manual  initiatlon-^ailent 

1(3) 

1(3) 

Incarsector  coordination 

7 

6 

13 

Traffic 

Initial  pilot  call-in 

u 

1(0) 

0(1) 

5 

Structuring 

Flight  data  altitude  Insert 

3 

0(1) 

3(4) 

Altitude  Instruction 

k 

3(0) 

0(2) 

7(6) 

Flight  data  altitude  amendment 

0(3) 

0(3) 

Intcrsector  coordination 

5 

6 

ll 

Heading  Instruction 

5 

3(0) 

0(2) 

8(7) 

Flight  data  aaandaant 

10 

10 

tntarsactor  coordination 

5 

6 

ll 

Speed  Instruction 

5 

3(0) 

0(2) 

8(7) 

Intarsactor  coordination 

5 

6 

ll 

Altiaatar  setting  Instruction 

3 

1(0) 

0(1) 

4 

Ruovay  aaalgnmant  instruction 

3 

3 

Pilot  altltuda  raport 

5 

3(0) 

0(2) 

8(7) 

Flight  data  altltuda  Inaart 

0(3) 

0(3) 

Pilot  haadtng  raport 

5 

3(0) 

0(2) 

8(7) 

Pilot  spaad  raport 

5 

3(0) 

0(2) 

8(7) 

Traffic  advisory 

4 

4 

Transponder  coda  assignment 

4 

4 

Flight  date  code  amendment 

3 

0(2) 

3(5) 

Mlscclleneoua  A/G  coordination 

5 

5 

Frequency  change  instruction 

4 

1(0) 

0(1) 

5 

Intarsactor  coordination 

4 

6 

10 

Pilot 

Altitude  revision 

6 

3(0) 

0(2) 

9(8) 

request 

Flight  data  altitude  amendment 

0(3) 

0(3) 

Interaector  coordination 

5 

6 

ll 

Route/heeding  revision 

8 

3(0) 

0(2) 

11(10) 

Flight  data  routs  eaendaent 

10 

10 

lotaraector  coordination 

6 

8 

14 

Spaed  revie ion 

6 

3(0) 

0(2) 

9(8) 

Claaranca  delivery 

20 

3 

0(2) 

23(25) 

Nlacellaneoua  pilot  request 

8 

8 

Pointout 

Pointout  accaptanca 

3(0) 

0(7) 

0(8) 

3(15) 

Data  block  suppression 

3 

3 

Pointout  initiation 

3 

0(2) 

0(7) 

0(8) 

3(20) 

Canaral 

Control  instruction  approval 

5 

6 

ll 

intersector 

Planning  advisory 

5 

6 

ll 

coordination 

Aircraft  atacua  advisory 

5 

6 

Ll 

Control  jurisdiction  advisory 

6 

6 

12 

Claaranca  delivery 

0(2) 

20 

6 

26(28) 

Flight  data  update 

3 

3 

General 

Flight  data  estimate  update 

1 

0(3) 

1(4) 

syetea 

Data  block/laadar  line  offaat 

2 

2 

operation 

Data  block  forclng/raaoval 

3 

3 

Miacellaneoua  data  aervica 

3 

3 

Plight  atrip  aequanclng/reaoval 

0(2) 

0(2) 

Equipment  adjustment 

3 

3 

Revised  System  lA  performance  times  are  Indicated  In  parentheses. 


Indicated  value  Is  double  the  measured  direct  voice  communication  time  duration* 
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frequency  change.  We  assume  Chat  a I man-sec  manual  button  push  would 
replace  the  current  1 man-sec  flight  strip  marking  associated  with  a 
frequency  change  instruction. 

Although  FDP/RDF  keyboard  polntout  currently  forces  a data 
block  display  onto  the  recipient  sector's  PVD,  no  similar  means  is  avail- 
able to  silently  accept  the  polntout.  The  receiving  sector  has  no  flight 
strip  on  the  aircraft  in  question,  and  verbal  Intersector  communications 
are  used  to  transmit  needed  flight  data  as  well  as  to  confirm  polntout 
recognition.  This  data  transferral  could  be  effected  by  simultaneously 
forcing  pertinent  flight  data  onto  the  receiving  sector  tabular  display 
when  polntout  initiation  is  performed,  thus  negating  the  need  for  the 
interphone  and  associated  Intrasector  voice  consultations.  As  shown  in 
Table  9,  acceptance  of  the  polntout  is  assumed  to  be  conducted  by  means 
of  an  FDP/RDP  operation  taking  3 man-sec. 

Important  reductions  in  general  system  operation  work  associated 
with  D controller  operations  are  attributed  to  the  tabular  display's  poten- 
tial for  eliminating  much  of  the  manual  flight  data  estimate  update  and 
flight  strip  sequencing/removal  activities.  The  FDP  computer  system  could 
automatically  transfer  flight  data  updates  to  the  tabular  display.  The 
only  action  required  by  the  D controller  would  be  an  FDP  keyboard  opera- 
tion to  acknowledge  receipt  of  the  update  message--a  single  action  cur- 
rently taking  1 man-sec.  A computer -driven  tabular  display  would  be 
capable  also  of  automatically  sequencing  and  removing  the  flight  data 
presentations,  thus  eliminating  the  manual  flight  strip  arranging  opera- 
tions currently  conducted  by  the  D controller. 

Assuming  that  these  operations  can  be  successfully  incorporated 
into  a tabular  display  design,*  we  find  it  clear  that  the  flight  strip 
printing  process  and  the  A controller  would  no  longer  be  needed. 

2.  RDP/PVD  Refinements 

Two  minor  system  modifications  are  meant  to  eliminate  certain 
activities  performed  by  the  R controller  to  adjust  the  PVD.  These  are 
an  automatic  data  block/leader  line  offset  and  revised  automatic  data 
block  fo rcing/ removal . 

The  intent  of  the  automatic  data  block/leader  line  offset  is 
to  eliminate  the  RDP-related  manual  keyboard  operations  performed  to  re- 
duce PVD  clutter  caused  by  overlapping  alphanumeric  data  presentations. 

it 

Fault  tolerance  based  on  mini-  or  macro-computer  backup  is  discussed  in 
Reference  4. 

30 


At  present,  radar  target  data  block  displays  are  automatically 
removed  from  the  PVD  according  to  parameters  set  for  the  NAS  Stage  A 
System.  These  parameters  specify  the  time  after  handoff  acceptance  at 
which  data  blocks  are  removed  from  the  handoff  initiator's  PVD.  In  many 
cases,  the  controller  initiating  handoff  would  prefer  to  retain  the  data 
block  display  for  a longer  time  even  thouglj  an  aircraft  is  no  longer  under 
his  jurisdiction  (e.g.,  to  be  able  to  distinguish  a sector's  outgoing  from 
incoming  aircraft),  and  he  forces  the  data  block  display  back  onto  his  PVD 
by  means  of  manual  RDP  keyboard  operations,  A parameter  setting  sensitive 
to  the  data  block  display  retention  requirements  of  individual  sectors 
would  eliminate  these  manual  RDP  operations. 

The  effects  of  these  features  on  the  frequencies  of  routine 
control  events  are  presented  in  Table  10.  All  occurrences  of  manual  data 
block/leader  line  offset  and  data  block  fo rcing/ removal  are  assumed 
eliminated. 


Sector  Traffic  Capacities 


Conflict  processing  and  surveillance  work  allocations  are  as 
described  for  System  lA  in  Tables  3,  4,  and  5.  Similarly,  System  2 team 
and  R controller  routine  work  is  allocated  as  in  System  lA,  and  resulting 
workload  weightings  are  summarized  in  Appendix  C.  Using  the  corresponding 
workload  models,  the  capacities  of  Sectors  36,  37,  38,  41,  42,  and  46  are 
constrained  by  the  R controller  and  are  47,  45,  66,  34,  43,  and  40  air- 
craft/hr, respectively.  Sector  52  is  constrained  by  team  workload  to 
38  aircraft/hr. 


Since  automated  data  handling  eliminates  significant  manual 
task  activities,  only  negligible  additional  capacity  gain  can  be  achieved 
by  using  a three-man  operation.  The  tabular  display  automation  performs 
much  of  the  work  that  would  otherwise  have  been  off-loaded  onto  the  third 
man.  This  latter  sector  manning  strategy  is  not  further  considered. 


We  note  that  since  A controllers  are  no  longer  needed,  the 
tabular  display  reduces  the  typical  sector  manning  level  from  2.5  to  2.0 
control lers/sector . 


Enroute  Meterins 


Enroute  metering  Is  viewed  as  an  extension  of  terminal  metering  and 
spacing,  which  is  a device  planned  for  use  by  feeder  controllers  for 
m<axlmizlng  airport  runway  utilization.  Enroute  operational  impact  would 
be  procedural  in  that  preferential  routes  and  flow  restrictions  (e.g., 

31 


1., 


Pnil^iPPiPPVIViPiliM 


Tabu  10 

MOirriNS  KVtirr  EstTiiMm 

ATUNTA  ('tintR,  TWO-mil  UCrOR  OTiMTIOMt 
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Ktwnt 

Pranuancy  par  dat'tor  (auant 'nJrrrafi  )* 

1 RugCiM  i^Mtrol  Ivniit 

1 

High 
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13T> 

rroMvilla 

Dppnriura 
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t4U 
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In-trall  separations,  speed  restrictions,  enroute  holding)  would  conform 
to  terminal  metering  specifications.  Without  more  advanced  automation 
such  as  data  link,  we  do  not  envision  significant  tlme-over-f lx  sequencing 
by  controllers  of  arrival  aircraft  on  an  Inbound  route  In  the  enroute  air- 
space; the  additional  decision  making  and  A/G  communications  required  to 
precisely  control  tlme-over-f Ixes  or  to  reorder  aircraft  would  be  prohibi- 
tive and  could  be  disruptive  to  routine  traffic  flow  procedures.  (Sequence 
adjustments  might  be  made  as  required  at  route  merge  points  or  during  turn- 
ing movements  In  the  terminal  airspace  where  more  precise  aircraft/runway 
situation  data  are  available). 

The  difference  between  enroute  metering  and  current  operations  would 
be  the  use  of  more  dynamic  procedural  rules  to  guide  the  rate  of  aircraft 
handoffs  from  the  enroute  to  the  terminal  control  facilities.  Procedural 
changes  (e.g.,  In-trall  separation  revisions)  could  be  coordinated  by  the 
facility  flow  controller.  However,  since  procedural  changes  would  be 
generated  by  computer,  they  could  be  transmitted  directly  to  sector  posi- 
tions by  means  of  the  electronic  tabular  display  or  the  CRD. 

Since  analogous  although  less  dynamic  procedural  requirements  are 
currently  in  effect,*  we  do  not  envision  significant  sector  capacity  Im- 
pact from  enroute  metering.  Even  though  we  will  not  further  examine  this 
enhancement  feature,  we  recognize  that  It  could  provide  Important  support 
to  terminal  operations.  Therefore,  enroute  metering  could  be  considered 
as  an  Incremental  enhancement  to  the  tabular  display  system,  but  with 
negligible  Impact  on  enroute  sector  capacity. 


C.  Automated  Local  Flow  Control  (System  3) 

Automated  local  flow  control  Is  analogous  to  enroute  metering  but 
Is  designed  to  maximize  sector  capacity  utilization.  The  real-time  high- 

Integrlty  data  processing  capabilities  of  NAS  Stage  A,  In  conjunction  with  j 

computerized  traffic  assessment  devices,  enable  the  Implementation  of  this 

enhancement. 

We  had  previously  performed  a preliminary  evaluation  of  such  a con- 
j cept  and  found  It  to  be  a promising  means  for  achieving  productivity  gains.* 

I 

> ‘ 

! 

At  the  Atlanta  Center,  the  flow  controller  monitors  a centorwlde  presen- 
• tatlon  on  a PVD,  coordinates  (by  means  of  Interphone)  with  the  Atlanta 

TRACON  and  the  center's  area  officers,  and  negotiates  aircraft  metering 
rates  Into  the  terminal  airspace  as  well  as  advising  aircraft  reroutlngs 
' In  the  center's  airspace. 
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This  operation  entails  the  implementation  of  on-line  computerized  capacity/ 
load  prediction  and  workload  balancing  algorithms.  The  capacity/load 
algorithm,  integrated  with  the  current  digitized  FDP/RDP  data  base,  probes 
for  sector  excess  workload  situations  generated  by  traffic  surges.  The 
workload  distribution  algorithm  devises  schemes  to  dissipate  traffic  peaks 
by  selectively  delaying  aircraft  in  appropriate  sectors.  This  process  is 
designed  to  moderate  short-term  traffic  peaks  and  would  not  solve  long-term 
massive  traffic  congestion  problems. 

Implementation  could  be  achieved  through  the  automatic  issuance  of 
in-trail  separation  directives  to  sector  teams  (by  means  of  CRD  messages). 
Since  sector  teams  retain  command  of  the  minute-by-minute  decision  making 
required  to  set  up  traffic  in  conformance  with  the  traffic  restriction 
directives,  separation  assurance  degradation  would  not  be  experienced 
during  a failure  in  the  automated  local  flow  control  system;  operations 
would  revert  to  current  manual  (i.e.,  without  computer  augmentation)  local 
flow  control  procedures.  Overall  operations  would  be  managed  by  a facility 
planning  (flow)  controller  who  coordinates  with  adjacent  facilities  and  the 
Central  Flow  Control  Facility  (CFCF). 

Since  automated  local  flow  control  is  a means  of  maximizing  controller 
capabilities,  we  do  not  evaluate  its  impact  on  individual  sector  operations. 
However,  we  do  examine  in  the  next  section  its  capacity  impacts  on  multi- 
sector environment. 


D.  Conflict  Probe 


Projections  of  aircraft  flight  trajectories  by  computer  calculations 
of  the  digitized  FDP/RDP  data  might  be  used  in  two  ways  to  assist  con- 
trollers in  processing  potential  conflict  situations:  first,  to  alert 
controllers  of  imminent  potential  conflicts  and  to  suggest  corrective 
actions;  second,  to  assess  conflicts  over  a long-term  horizon  to  determine 
conflict-free  flight  path  clearances.  In  either  case,  A/G  communications 
are  required  to  transmit  control  instructions. 


1.  Conflict  Alert 


The  current  conflict  alert  device  provides  warning  of  an  im- 
minent potential  conflictlon  that  occasionally  may  be  "missed"  by  the 
controllers.  It  does  not  impact  the  routine  sector  control  workload 
because  the  conflict  alert  projects  minimum  separation  violation  a few 
minutes  or  less  ahead  of  its  occurrence,  wtiile  the  controller  generally 
projects  conflicts  further  ahead  in  time.  We  will  not  further  examine 


this  di'vK'e  witli  regard  to  capacity  and  manning  impacts,  although  safety 
is  the  issut*  relative  to  its  benefit  potential. 


2.  Flight  t’lan  Probe 

A conflict  probe  with  longer  look-ahead  capabilities  is  diffi- 
cult to  assess.  I'o  avoid  excessive  "false  alarms,"  a degree  of  flight 
plan  description  that  is  not  currently  part  of  the  computer  data  files 
may  be  required.  The  projection  of  the  minute-by-minute  variation  in 
aircraft  trajectories,  which  are  grasped  by  controllers  for  short-term 
projection  purposes,  would  need  to  be  incorporated  into  a conflict-free 
path  generation  device.  This  capability  is  particularly  critical  in  a 
terminal-oriented  environment  such  as  that  of  the  .Atlanta  Center,  in  which 
merging  traffic  flows  are  a major  part  of  basic  operational  procedures, 
or  in  any  high-density  traffic  operation. 

Operationally,  a flight  plan  probe  may  be  used  to  assess  clear- 
ance decisions  immediately  after  airport  takeoff,  during  routine  clearance 
change  issuance  (e.g.,  route  amendment,  altitude  revision),  and  at  entry 
into  a sector.  I'he  first  two  assessments  would  entail  a fairly  extensive 
look-ahead  horizon  (e.g.,  a few  sectors),  which  may  prove  Infeasible  be- 
cause of  high  false-alarm  rates.*  The  latter  assessment  appears  more 
likely  of  success  if  the  look-ahead  horizon  is  restricted  to  a single 
sector.  With  this  sector  conflict  probe,  more  resolution  alternatives 
may  be  available,  since  both  aircraft  in  a potential  conflict  are  in  a 
single  sector's  Jurisdiction;  the  flight  paths  of  either  or  both  aircraft 
may  be  revised.  In  addition,  the  procedural  rules  governing  a single 
sector's  traffic  control  operation  may  be  more  readily  adapted  to  com- 
puterization than  those  of  a moving  multisector  projection  horizon. 
Tlierefore,  we  will  examine  the  sector  conflict  probe's  effects  on  opera- 
tions with  the  understanding  that  the  technological  capability  of  project- 
ing conflicts  in  an  operational  environment  at  low  false-alarm  rates  is 
neither  confirmed  nor  rejected. 


J 
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3 . Sector  Conflict  Probe  (System  4) 


rhe  sector  conflict  probe's  effects  on  controller  task  per- 
formance times  are  estimated  as  shown  in  Table  11.  Detection  and  assess- 
ment are  performed  by  the  computerized  probe,  and  resolution  directives/ 


Current  FAA-sponsored  research  is  analyzing  the  accuracy  of  flight  plan 
data  projections.  Results  are  not  available  at  present. 
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Table  11 


CONFLICT  EVENT  PERFORMANCE  TIME  ESTIMATES 
ATL:\NTA  CENTER,  TWO-^L\N  SECTOR  OPERATION 
SYSTEM  4— SECTOR  CONFLICT  PROBE 


Conflict  Event 

Minimum  Task 
Performance  Time* 
(maa-sec/task) 

Minimum  Event 
Performance 

Detection 

and 

Assessment 

Resolution 

Time* 

(man-sec /event ) 

Crossing 

5(20) 

40 

45(60) 

Overtaking 

5(20) 

20 

25(40) 

It 

Revised  System  2 perfomaace  times  are  indicated  in 
parentheses. 


suggestions  are  displayed  to  the  R controller.  We  judge  that  5 sec  will 
be  sufficient  to  assimilate  this  information.  Similar  Co  current  opera- 
tions, actual  resolution  is  performed  by  A/G  communications.  A reduction 
of  IS  sec  in  total  conflict  processing  time  results. 

Two-man  team  and  R controller  routine  work  is  identical  to  Chat 
of  Che  tabular  display  system  (Tables  9 and  10) ; surveillance  work  is  also 
unchanged.  Traffic  capacities  corresponding  to  these  workload  structures 
for  Sectors  36,  37,  38,  41,  42,  and  46  are  constrained  by  the  R controller 
model  to  40,  47,  37,  38,  45,  and  42  aircraft/hr.  Sector  52  is  constrained 
by  team  workload  to  40  aircraft/hr. 

E.  Area  Navigation  (System  5) 

RNAV  Incorporates  navigation  devices  to  achieve  closely  spaced  arrival 
and  departure  and  multilane  direct  routes  for  high-density  terminal  and 
enroute  airspace.  Terminal  airspace  uses  are  not  considered  here.  The 
concept  we  consider  Includes  the  establishment  of  an  RNAV  route  system 
using  fixed  waypoints  Co  facilitate  two-dimensional  (2D)  computerized 
navigation. 
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SECTOR  TRAFFIC  CAPACITY  SENSITIVITY  TO  RNAV  EQUIPPED  AIRCRAFT 
ATIANTA  CENTER,  TWO-MAN  SECTOR  OPERATION 
SYSTEM  5— RNAV 


Sector 

Sector  Capacity,  by  RNAV  Equipped  Aircraft* 
(ai rcraf t/br) 

0%^ 

50% 

100% 

High  enroiite  (36) 

50 

50 

51 

Departure  transition  (i?! 

47 

47 

48 

Departure  (38) 

67 

67 

68 

Arrival  (41) 

38 

39 

41 

Arrival  transition  (42) 

45 

47 

50 

Low  arrival  (46) 

42 

42 

43 

Low  enroute  (52) 

40 

41 

42 

All  st'ctors  t’xcopt  Sector  52  arc  constrained  by  R controller. 
Indicated  capacity  “ System  4 corrospondlng  capacity. 


adjust  procedural  rules,  to  respond  to  pilot  requests,  to  resolve  non- 
standard situations,  and  to  transmit  A/t;  messa(;es  that  are  too  lonj;  for 
the  DABS  data  link.  In  essence,  he  would  concentrate  on  minute -hy-minute 
procedural  decision  makin>;  and  perform  minute-by-minute  tactical  decision 
making  only  when  required.  We  assume  that  sectors  will  be  retained  as  the 
basic  control  Jurisdictional  unit  to  provide  fault  tolerance  in  the  event 
of  data  link  or  computer  system  malfunction  (where  operations  fall  back 
to  a nondata  link  ATC  system). 

Under  the  control -by-exception  concept,  we  assume  that  a sector  con- 
troller need  not  review  and  approve  each  instruction.  If  he  were  required 
to  read,  mentally  assimilate,  and  approve  each  instruction  (duplicating 
the  automated  operation),  workload  advantages  would  not  be  realized.  This 
concept  assumes  the  implementation  of  automatic  conflict  processing  using 
data  link  to  issue  potential  conflict  resolution  Instructions.  By  this 
means,  potential  conflicts  are  avoided  or  resolved  without  dependence  on 
or  restriction  by  human  decision  making.  However,  assuming  human  control- 
lers retain  responsibility  for  separation  assurance,  the  question  arises 
as  to  the  degree  to  wlilch  controllers  would  actually  remove  themst'lves 
from  the  capability  to  perform  minute-by-minute  tactical  decision  making. 
Therefore,  we  assume  that  controllers  will  continue  to  perform  Intensive 
PVD  surveillance  to  retain  real-time  mental  picture-keeping  (which  would 
be  vital  in  the  event  of  some  computer-processing  failures)  and  to  main- 
tain cognizance  of  computer-gonerated  traffic  structuring  and  conflict 
processing  strategies. 

Our  examination  of  capacity  and  staffing  impacts  of  the  DABS  data 
link  is  based  on  a restructuring  of  the  sector  team  and  K controller 
workload  items.  Since  tills  restructuring  alleviates  some  reactive  task 
requirements  of  the  joint  R and  D controller  operation,  we  consider  both 
the  two -man  (System  6A)  and  one-man  (System  6B)  sector  team  manning 
strategies . 

I . DABS  Data  Link,  Two -Man  Sector  Team  (System  6A) 

The  revised  routine  event  performance  times  for  tlie  two-man 
team  are  shown  in  Table  14.  Since  the  con t ro 1 -by-except ion  computeriza- 
tion will  be  performing  much  of  the  routine  traffic  structuring  clearances, 
the  controller  need  not  perform  handoff  acceptance  RDl’/RDl’  operations. 

A/C  communications  for  the  standard  altitude,  heading,  speed,  altimeter 
setting,  runway  assignment,  and  frequency  change  instructions  are  assumed 
to  be  replaced  by  data  link  transmissions.  However,  wlien  such  activities 
are  nonstandard  and  require  intersector  coordination,  we  assume  that  con- 
troller A/C  communications  and  FDP/RDP  manual  operations  will  be  required. 
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Also  shown  in  Table  14  under  the  PDP/RDP  heading  are  "message 
cognizance"  activities.  These  reflect  the  controller  surveillance  work 
required  to  maintain  awareness  of  the  computerized  traffic  structuring 
strategies.  Although  FW*/RDP  keyboard  activities  are  not  necessarily 
assumed,  these  task  items  provide  a surrogate  mechanism  to  estimate  con- 
troller work  associated  with  data  link  transmissions.  In  actuality, 
rather  than  reviewing  each  individual  transmission,  the  controller  would 
probably  be  provided  with  a data  display  describing  the  overall  traffic- 
oriented  procedural  intentions  of  the  computer  operation. 

Revised  conflict  event  performance  times  are  shown  in  Table  15. 
We  assume  that,  in  accordance  with  their  separation  assurance  responsi- 
bilities, controllers  will  maintain  close  surveillance  of  conflict  pro- 
cessing operations.  Since  actual  conflict  resolution  instructions  would 
be  issued  by  data  link,  we  halve  the  controller's  resolution  time  to  allow 
him  to  check  aircraft  conformance. 

Routine  surveillance  work  is  not  changed  from  the  preceding 

system. 


Table  15 


CONFLICT  EVENT  PERFORMANCE  TIME  ESTIMATES 
ATLANTA  CENTER,  TWO-MAN  SECTOR  OPERATION 
SYSTEM  6A--I007o  AIRCRAFT  EQUIPPED  DABS  DATA  LINK 


Conflict 

Minimum  Task  1 

Performance  Time*  ! 

(man-sec/task)  j 

t 

Minimum  Event 
Performance 

Event 

Detection 

and 

Assessment 

( 

Resolution  | 

Time* 

(man-sec/event ) 

Crossing 

5 

20(40) 

24(45) 

Overtaking 

5 

10(20)  j 

15(25) 

* 

Revised  System  5 performance  times  are  indicated  in 
parentheses . 
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DABS  Data  Link,  One-Man  Sector  Team  (System  6B) 


Under  one-man  sector  operations,  the  R controller  performs  the 
routine  work  of  the  two-man  sector  team.  However,  since  sector  team 
consultations  are  no  longer  applicable,  all  direct  voice  communications 
are  eliminated.  Therefore,  Table  14  with  direct  voice  tasks  set  equal 
to  zero  applies.  Conflict  surveillance  work  are  as  described  for  the 
two -man  team. 


3.  Sector  Traffic  Capacities 

The  above  workload  estimates  are  made  assuming  a 1007o  data 
link  equipped  aircraft  fleet.  To  account  for  variations  in  the  percent 
of  data  link  equipped  aircraft,  the  team  and  R controller  routine  work- 
load weightings  and  conflict  event  performance  times  are  scaled  propor- 
tionately, as  shown  in  Tables  16  and  17.  The  resulting  sector  traffic 
capacities  corresponding  to  the  1007o  RNAV  avionics  level  are  shown  in 
Table  18.  (Although  one-man  sector  capacities  at  the  zero-percent  data 
link  avionics  level  are  shown,  the  operation  is  probably  not  feasible 
because  of  R controller  difficulty  in  performing  A/G  communications  simul- 
taneously with  corresponding  reactive  manual  tasks.)  Since  the  sector 
capacities  vary  measurably  according  to  the  percentage  of  data  link 
equipped  aircraft,  we  will  consider  both  the  507>  and  1007.  data  link 
avionics  levels  in  subsequent  analyses. 


G . DABS  Intermittent  Positive  Control 


IPG  provides  traffic  advisories  and  threat  avoidance  commands  to 
VFR  pilots  on  an  as-needed  basis. ^ Extended  to  IFR  operations,  IPC  would 
operate  on  imminent  (e.g.,  lead  time  of  1 to  2 min)  conflict  situations 
that  are  "missed"  by  controllers.  This  is  assumed  to  be  a safety  enhance- 
ment device  that  would  not  impact  the  capacity  considerations  associated 
with  normal  sector  task  activities. 

However,  DABS  IPC  may  be  needed  to  provide  fault  tolerance  in  the 
event  of  failures  in  the  other  enhancement  operations  (particularly  con- 
flict processing  automation).  Therefore,  IPC  would  be  necessary  for  the 
successful  implementation  of  these  other  features.  We  do  not  further 
evaluate  IPC;  it  is  considered  to  be  an  incremental  add-on  to  the  data 
link  system  but  with  no  independent  capacity  impact. 
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Table  16 


.'.'o  team  work  applicable.  Indicated  R controller  routine  work  » System  6A  total  team  routine  work  minus 
System  6A  team  direct  voice  comnunication. 


Table  17 


CONFLICT  EVENT  PERFORMANCE  TIME  SENSITIVITY 
TO  DABS  DATA  LINK  AVIONICS 


Data 

Crossing  Conflict 
Times  (sec) 

Task 

Overtaking  Conflict 
Times  (sec) 

Task 

LiXllK 

Equipped 

Aircraft 

a) 

Detection 

and 

Assess- 

ment 

Resolu- 

tion* 

Total 

Detection 

and 

Assess- 

ment 

Resolu- 

tion* 

Total 

0% 

s'' 

4 o’" 

45' 

5+ 

4. 

20' 

25'*' 

50 

5 

30 

35 

5 

15 

20 

100 

5 

20 

25 

5 

10 

1 

* 

Conflict  resolution  cognizance  and  confirmation. 


Indicated  performance  time  = System  5 corresponding  performance  time. 


SECTOR  TRAFFIC  CAPACITY  SENSITIVITY  TO  DABS  DATA  LINK  AVIONICS 


IV  FACILITY  STAFFING  RKLATIONSHIPS 


In  this  section  we  develop  a basis  Cor  transforming  the  individual 
sector  capacity  impacts  of  the  various  enhancement  systems  into  facility 
staffing  estimates.  Wo  use  a selected  region  of  the  Atlanta  Center  to 
assess  multisector  capacity  and  staffing  impacts.  The  latter  are  scaled 
to  the  facility  level  by  means  of  expansion  factors. 


I Each  enroute  center  is  actually  manned  by  two  staffs:  Air  Traffic 

i Service  and  Airway  Facilities  Service.  Each  staff  has  its  own  operational 

II  responsibilities  and  administrative  management.  The  Air  Traffic  Service 

operates  the  ATC  system,  while  the  Airway  Facilities  Service  maintains 
the  ATC  equipment.  We  will  develop  separate  procedures  for  estimating 
each  of  these  staffs  for  the  facility  as  a function  of  traffic  demand 
forecast. 

’ A.  Air  Traffic  Service  Staffing  Relationships 

1 . The  current  Atlanta  Center  Air  Traffic  Service  (AT)  staff  is  shown 

; in  Table  19.  Based  on  discussions  with  personnel  at  the  Atlanta  and  Los 

^ Angeles  centers  and  on  a review  of  published  staffing  standards,®  we  con- 

! elude  that  the  required  number  of  controllers,  team  supervisors,  and  area 

I officers  varies  according  to  traffic  level  and  workload  capabilities, 

i The  number  of  these  positions  depends  on  system  operating  requirements; 

T the  remaining  staff  should  remain  fixed  (subject  to  unique  requirements). 

J In  the  following  paragraphs  we  determine  air  traffic  staffing  relation- 

ships in  accordance  with  this  personnel  grouping. 


I 1 . Controller  Staffing  Relationships 

j As  part  of  a previous  research  effort,"*  we  developed  the  com- 

j puterized  Air  Traffic  Flow  (ATF)  network  simulation  model  and  used  it  to 

assess  multisector  capacity  and  productivity  effects  of  postulated  auto- 
mation implementations  at  the  Los  Angeles  Center.*^  AT'F  simulates  aggre- 
gate traffic  route  flows  and  determines  delays  corresponding  to  specified 
i « sector  capacities  and  local  flow  control  strategies.* 

In  this  section,  we  apply  ATF  analysis  to  the  nine-sector  study 
area  shown  in  Figure  1.  The  Atlanta  Center  airspace  currently  includes 
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Table  19 


CURRKNT  AIR  TRAFFIC  SERVICE  ANNUAL  STAFF,  ATLANTA  CENTER 


Authorized 

Annual^ 

Staff  Function  Staffing 

(persons) 

Administrative 
Chief 

Deputy  Chief 

Evaluation/Proficiency  Development  Officer 
(EPDO) 

Evaluation/Proficiency  Development 
Specialist  (EPOS) 

EPDS  (Rotational) 

Military  Liaison  Officer 
Military  Liaison  Specialist 
Data  Systems  Officer 
Area  Officer 
Awa  Specialist 

Personnel  Management  Specialist 
Personnel  Management  Assistant 
Administrative  Assistant 
Secretary 
Secretary 

Clerk/Stenographer 
Cartographer 
Card  Punch  Operator 


Clerk- Typist  0 


Total  administrative 
Operational 

Assistant  Chief  7 
Flow  Controller  7 
Team  Supervisor  -12 
Data  Systems  Specialist  23 
Supervisory  Teletypist  1 
Teletypist  7 
Flight  Data  Monitor  5 


Subtotal  92 

Controller  505 


Total  operational  597 


Total 


Source:  "Manpower  Status  Chart,  Atlanta  ARTC  Center"  (7  December 
1975)  . 
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FIGURE  1 ATLANTA  CENTER  MULTISECTOR  STUDY  AREA 


41  sectors,  of  which  the  nine  sectors  under  study  control  primarily  air- 
line arrival,  departure,  and  cruise  traffic  north  of  tlie  Atlanta  airport. 
The  ATF  simulation  estimates  delays  experienced  by  aircraft  in  the  multi- 
sector area  for  a range  of  traffic  demand  forecasts  for  each  UG3RD  en- 
hancement system  alternative.  We  also  apply  the  ATF  analysis  to  postulated 
resectorizations  of  the  study  area  to  examine  controller  manning  deployment 
options . 


a.  ATF  Multisector  Model  Structure 

The  primary  arrival  and  departure  airline  traffic  routings 
within  the  Atlanta  Center  are  configured  in  a radial  pattern  (four  arrival 
and  four  departure  corridors)  with  the  Atlanta  airport  as  the  focus.  The 
study  area  being  modeled  by  ATF  includes  the  two  arrival  corridors  from 
the  northeast  and  northwest  and  the  northbound  departure  corridor.  The 
nine  sectors  in  this  study  area,  which  include  five  of  the  seven  selected 
for  workload  data  collection  (the  two  low  airspace  sectors  handling  pri- 
marily nonairline  traffic  are  not  included),  are: 

• Sector  36  (Allatoona,  ALU)--high  enroute  traffic, 

FL330  and  above. 

• Sector  37  (Crossville,  CSV) --departure  transition 
traffic,  FL240-FL310. 

• Sector  38  (North  Departure,  NDEP) --departure 
traffic,  FL120-FL230. 

• Sector  39  (Chattanooga,  CHA) --arrival  transition 
traffic,  surface  to  FL270. 

• Sector  40  (Dallas,  9DP) --arrival  traffic,  FL120- 
FL270. 

• Sector  41  (Norcross,  OCR) --arrival  traffic, 

FL120-FL230, 

• Sector  42  (Lanier,  2LI) --arrival  transition  traf- 
fic, FL240-FL310. 

• Sector  43  (Pulaski,  PSK) --arrival  transition 
traffic,  FL240-FL310. 

• Sector  44  (Baden-Blue  Ridge,  BAUBU)--high  enroute 
traffic,  FL330  and  above. 

With  reference  to  Figure  1,  Sectors  39  and  40  are  in  the 
northwest  arrival  corridor;  Sectors  41,  42,  and  43  are  in  the  northeast 
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art'.val  corridor,  and  Sov-tors  37  and  38  arc  in  the  northbound  departure 
corridor.  llxe  sectors  overlap  in  each  corridor  to  Comi  stepwise  cont'lnu- 
rations  tliat  tiandle  climbing  and  descending  traCl'lc  transitioning  in  and 
out  ot  llu'  Atlanta  I'RACON.  Sectors  3b  and  44  overlay  ttu'  otlier  sectors 
(as  noted  in  I’lgure  1)  and  liandle  primarily  cruising  overflights  and  some 
transitioning  aircraft. 

Arrivals  into  Atlanta  Center  from  directly  north  generally 
enter  Sector  42  at  Kb310  or  lower,  begin  descent  immediately,  and  continue 
the  descent  in  Sector  41  until  they  are  handed  off  to  the  Atlanta  I’KACON 
near  OCC  at  b’ClZO.  Tlie  arrivals  from  the  east  over  I’SK  in  Sector  41  or 
Sector  44  are  somewhat  higher  and  do  not  begin  descent  until  approaching 
the  border  of  Sector  42.  They  are  merged  witli  the  arrivals  from  the  north 
in  Sector  41  and  handed  off  to  the  Atlanta  TllACON  near  OCR  at  KL120. 
Arrivals  along  the  two  routes  from  the  northwest  enter  Sector  40  at  I'l.ZyO 
and  descend  to  I’L120  Just  south  of  KMt;,  wliere  they  are  liandeil  off  to  the 
Atlanta  TRACON . 

Departures  to  the  north  diverge  in  Sector  38  and  proceed 
over  llCll  and  TYS  in  Sector  39.  Departing  traffic  generally  crosses  llie 
center  boundaries  between  l''L240  and  RhllO. 

Three  major  cruise  routes  through  the  area  are  modeled. 

One  is  a two-directional  east/west  route  tlirough  Sectors  37,  42,  ami  41 
in  the  KL240  to  I’LllO  range,  iind  tlirough  the  overlying  Sectors  3b  and  44 
at  l''L3 30  and  above.  Primary  fixes  along  the  route  are  CILA,  TYS,  and  PSK. 
Also  in  the  high  airspace  at  l'L330  and  above  are  two  generally  north/south 
routes.  The  first  crosses  Sector  3b  and  passes  over  the  Atlanta  airi>ort 
(ATI.),  and  the  other  crosses  Si'ctors  3b  and  44  and  passes  over  TYS  and  AND. 

A large  number  of  smaller  volume  routes  are  also  in  tlie 
area  modeled,  but  are  not  sliown  In  I'igure  I,  and  include  tlie  arrival  and 
departure  routes  into  and  out  of  the  tMiattanooga  airport  (CllA) . Military 
activity  makes  up  about  107.  of  the  total  traffic  and  confoniis  reasonably 
well  to  the  routes  followed  by  civil  aircraft. 

Sector  and  Route  Network  Representation-- The  sectorlzat ion 
and  routing  structure  shown  in  Figure  I is  abstracted  for  input  to  the 
ATK  network  model,  as  shown  schematically  in  Figure  2.  Since  the  high 
sectors  overlap  lower  ones  in  a stepwise  arrangement,  we  Juxtapose  in 
Figure  2 the  sector  schematic  presentations  to  diagram  the  route  network. 
The  two  high  sectors--3b  and  44  (at  the  to|i  of  Figure  2) --over l.ay  Sec- 
tors 37,  39,  42,  and  43;  these  latter  four  in  turn  overlap  the  low  air- 
space sectors--38,  40,  and  41.  Diagrammatic  connectors  (circled)  are 
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Included  in  Figure  2 to  facilitate  mental  piecing  (by  superimposing  con- 
nectors) of  the  juxtaposed  sectors. 

In  the  conversion  from  the  actual  configuration  to  the 
schematic,  the  only  important  properties  (for  ATF  modeling)  of  a route 
segment  are  the  transit  time,  the  origin  sector,  the  destination  sector, 
and  the  sector  including  the  route  segment.^  Therefore,  if  two  or  more 
route  segments  (arcs)  originate  at  the  same  sector,  end  at  tlie  same  sec- 
tor, and  are  included  in  the  same  sector,  they  may  be  combined  into  one 
arc  if  desired.  Arc  number  identities  are  indicated  in  Figure  2. 

Some  of  the  actual  routes  have  two-directional  traffic, 
while  others  have  only  one-directional  flow.  For  two-directional  routes, 
two  arcs  were  defined  to  represent  the  actual  route.  Consequently,  in 
the  schematic,  each  arc  shown  represents  one-dimensional  traffic  flow. 
This  representation  results  in  a system  of  nine  sectors,  26  routes  (or 
origin-destination  pairs),  and  42  arcs. 


[JU3RD  System  Alternatives  Representation--We  differentiate 
the  UG3RD  alternatives  in  ATF  by  using  the  sector  capacities  appropriate 
to  each  system.  Sector  capacity  data  are  input  to  the  ATF  model  to  define 
the  traffic  loading  capabilities  of  the  multisector  study  area  for  a 
particular  UG3RD  system.  The  ATF  model  constrains  traffic  flow,  by  im- 
posing delays,  to  ensure  that  traffic  flow  through  each  sector  at  some 
instant  in  time  does  not  exceed  that  sector's  predetermined  capacity. 

The  UG3RD  systems  and  their  representative  sector  capacities  are  shown 
in  Table  20.  These  capacities  are  developed  from  the  RECEP-based  workload- 
capacity  models. 

Of  the  nine  sectors,  capacity  estimates  for  five  (Sectors 
36,  37,  38,  41,  and  42)  are  established  for  each  UG3RD  system  in  the 
preceding  sections  of  this  report.  To  determine  capacities  for  the  other 
four  sectors,  we  performed  conflict  modeling  for  each  sector  (Appendix  B) 
and  Inferred  the  appropriate  routine  workload  requirements  from  the  work- 
load data  collected  for  the  five  sectors.  The  routine  workload  weighting 
applied  to  Sectors  39  and  43  equals  that  measured  for  Sector  42  because 
the  three  are  arrival  transition  sectors.  Sector  40's  workload  is  equal 
to  that  measured  for  Sector  41  because  both  are  arrival  sectors,  and 
Sector  44' s workload  is  equal  to  that  measured  for  Sector  36  because 
both  are  high  enroute  sectors.  (The  workload  data  are  summarized  in 
Appendix  D.)  Despite  the  equivalence  of  the  routine  workload/aircraft, 
conflict  processing  and  surveillance  are  sufficiently  sensitive  to  sector 
operations  to  enable  differentiation  of  capacities  based  on  either  team 
or  R controller  constraints. 
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ESTIMATED  SECTOR  TRAfFIC  CAPACITIES  FOR  ENHANCEMERT  SYSTEMS — CONFIGt'RATIWJ  1 


Sector  manning  includes  radar  (R)  position 


The  standard  sector  manning  levels  of  Table  20  allows  for 
I controller/sector  (R  position  manned),  2 controllers/sector  (R  and  I) 
positions  manned),  2.5  controllers/ sector  (an  A position  supporting  each 
2-man  team),  and  3.5  controllers/sector  (T  position  also  manned).  I'hese 
represent  the  peak-shift  typical  sector  manning  strategies  for  the  respec- 
tive systems. 


Resector izat ion --We  assume,  as  is  the  current  practice, 
that  sector  design  reconfigurations  will  be  required  as  traffic  increases 
(regardless  of  which  system  alternative  is  under  consideration).  Re- 
configuration entails  modifying  the  sector  boundary,  route,  and  procedural 
rule  structure  of  a facility,  and  normally  requires  sector  splitting  and 
airspace  reallocation  to  create  new  sectors.  This  resectorization  adds 
the  sectors  and  controllers  needed  to  increase  the  capacity  of  a multi- 
sector area  and  thereby  constrain  delays  as  traffic  Increases. 

We  simulate,  using  ATR,  three  postulated  sector  configura- 
tions for  the  multisector  area: 

• Configuration  1:  current  9-sector  arrangement 
(Figure  2), 

• Configuration  2;  13  sectors  (current  9 sectors, 

with  Sectors  39,  40,  4l,  and  42  each  split  into 
two) . 

• Configuration  3;  18  sectors  (original  9 sectors 

each  split  into  two). 

This  sector  splitting  approach  for  defining  sectorlzat ion 
alternatives  is  similar  to  the  one  used  during  the  previous  Los  Angeles 
Center  case  study, ^ in  which  we  applied  a sector  split  model*  to  roughly 
estimate  capacities  resulting  from  reconfigurations  of  a low  arrival  and 
a high  enroute-transition  sector.  We  estimated  that  splitting  the  low 
sector  into  two  sectors  would  increase  the  capacity  of  the  original  sec- 
tor airspace  by  407.,  and  splitting  the  high  sector  would  increase  Its 
airspace  capacity  by  807..  Using  these  results,  we  .Judge  tliat  analogous 
reconfigurations  of  the  Atlanta  Center  would  increase  the  airspace  ca- 
pacities of  arrival  Sector  41  and  departure  Sector  38  by  407.,  those  of 


•k 

The  sector  split  model  accounts  for  additional  control  work  Induced  by 
new  sector  boundaries.  Handoff,  interaector  coordination,  polntouts, 
and  some  traffic  structuring  work  are  affected. 
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transition  Sectors  37,  39,  42,  and  43  by  60%,  and  those  of  high  enroute 
Sectors  36  and  44  by  80%.  We  Judge  that  the  capacity  of  arrival  Sector  40 
will  Increase  by  207.  (rather  than  407.)  because  of  airspace  limitations. 
These  relationships  are  used  In  the  ATF  model  to  approximate  the  sector 
airspace  capacities  associated  with  the  postulated  sector  splits  of 
Configurations  2 and  3.  This  rather  simplified  approach  to  modeling 
sectorlzatlon  Is  used  because  of  the  uncertainty  In  predicting  future 
reconfiguration  Implementations. 

Traffic  Loading- -Traffic  demand  over  a nine-hour  period  is 
summarized  in  Table  21.  Hourly  arrivals  into  the  26  routes  are  taken  from 
Atlanta  Center  flight  strip  records  for  a single  day  shift  during  December 
1975.  The  exact  arrival  times  at  the  study  area  boundary  were  not  known, 
so  for  modeling  we  assume  the  arrivals  to  be  randomly  distributed  over 
successive  20-mlnute  periods.  For  parametric  analysis,  this  demand  Is 
scaled  proportionally  to  provide  traffic  data  at  higher  demand  levels. 
Scaling  is  based  on  successive  257.  Increments  of  civil  traffic;  the  num- 
ber of  military  aircraft  is  not  Increased. 

The  first  hour's  traffic  loading  is  used  to  initialize  ATF 
and  Is  not  considered  during  subsequent  delay  estimates.  Hours  2 through 
9 represent  the  eight-hour  day  shift  beginning  at  8:00  am.  A total  of 
486  aircraft,  of  which  50  (107.)  are  military,  arrives  during  this  eight- 
hour  study  period,  and  is  used  as  the  current  or  base-level  traffic  in 
the  subsequent  analyses.  This  traffic  level  is  roughly  comparable  to  the 
fiscal  year  1975  busy-day  traffic  reported  for  the  nine  sectors. 

b.  Capacity.  Manning,  and  Staffing  Comparisons 

The  ATF  simulation  model  loads  traffic  onto  the  route  net- 
work and  processes  the  traffic  from  sector  to  sector  until  capacity  over- 
load becomes  imnlnent.  ATF  then  delays  aircraft  (without  rerouting) 
along  routes  upstream  of  the  congested  sector  to  prevent  overloading. 

This  process  propagates  delays  through  the  upstream  sectors  to  the  study 
area  boundaries.  The  sector  capacity  constraints  input  into  the  ATF 
model  for  each  system  alternative  are  based  on  workload  modeling  rela- 
tionships. Therefore,  the  resulting  delay  estimates  represent  the  sector 
workload  distribution  effects  of  local  flow  control  operations  and  do  not 
include  the  routine  procedural  delays  associated  with  the  route  structure 
design,  routine  ATC  speed,  altitude  restrictions,  or  the  like.  We  assume 
the  route  structure  and  routine  clearance  requirements  to  be  fixed. 
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Route 

Number 


26-27  0 

3-28-29  0 

30-31-32  0 

3-41  0 

42-32  0 

33  1 

34  0 

30-31-35  1 

36-28-29  0 

37-38  0 

39-40  0 


Table  21 


TRAFFIC  ARRIVAL,  BY  ROUTE 


3 

6(  , 
11  7 

0 2 
0 


0 1 

0 1 

2 1 

0 0 

1(1)  0 

0 0 

0 

0 0 

0 6 

2(2)  0 


1 0 
0 1 
0 0 


6 

1 * 

11(1) 

8 

3 

5 

5 

0 

0 

1 

0 

13 

12 

0 

0 

1 

1 

3 

4 

4(2) 

1 

6(1) 

5 

1 

3(2) 

1 

2 

7 

1 

3 

3(2) 

1 

5(1) 

2 

1 

0 

0 

0 

3(1) 

1(1) 

1 

4 

1 

2 

1 

2(1) 

0 

1 

0 

1 

2(2) 

0 

0 

85(5) 

65(9) 

7(2)  10  (1) 

2 5 

6 6 (1) 

0 2 u 

0 0 0 

4 4 11  (1) 

0 1 0 

0 3 3 

0 3 2 

2(1)  6 4 

5(1)  3 1 (1) 

2 2 2 (1) 

3 5 5 

6 7 (1)  2 

2(1)  4 (1)  1 

0 2 (1)  1 (1) 

0 0 0 

1 I (1)  0 

2 3 (1)  3 (1) 

1 4 (2)  2 (1) 


10(1)  16(4)  56  64(6)  85(5)  65(9)  49(6)  75(10)  76(10) 


Total  Aircraft  In  Eight  Hours--486 
Total  Military  Alicraft  In  Eight  Hours--50 


Military  traffic  arrivals  are  In  parentheses. 
Local  flow  control  routes. 


To  facilitate  capacity,  manning,  and  staffing  comparisons 
among  the  alternative  UC3R1)  systems,  we  will  determine  the  study  area 
traffic  loadings  corresponding  to  a common  level  of  service.  This  common 
level  of  service  is  assumed  to  be  the  average  aircraft  delay  (as  estimated 
by  ATF)  during  current  NAS  Stage  A operations.  Current  Atlanta  Center 
operations  during  the  day  shift  are  a mixture  of  two-man  (System  lA)  and 
three-man  (System  IB)  sector  manning  strategies  in  which  one  T controller 
supports,  as  needed,  either  the  Sector  42  or  Sector  44  K and  D controller 
team,  while  another  T controller  supports  either  the  Sector  36  or  Sec- 
tor 37  team.  Since  the  ATF  model  structure  is  not  currently  capable  of 
representing  dynamic  manning  strategies,  we  simulate  two  manning  cases. 

The  first  case  uses  the  sector  capacities  of  Table  20  for  continuous 
three-man  operations  at  the  high  enroute  sectors  (36  and  44)  and  con- 
tinuous two-man  operations  In  the  remaining  seven  sectors,  all  using  the 
eight-hour  shift.  The  second  case  simulates  three-man  operations  at  the 
transition  sectors  (37  and  42)  and  two-man  operations  at  the  other  sectors. 
In  both  cases,  ATF  modeling  for  the  nine-sector  configuration  under  traf- 
fic loading  of  486  aircraft  per  eight-hour  shift  resulted  in  an  average 
delay  of  0,03  mln/aircraft . This  ATF -determined  delay  level  represents 
the  coninon  level  of  service  at  which  we  wish  to  compare  UG3RD  systems. 

We  define  the  multisector  capacity  to  be  the  area  traffic  loading  that 
generates  In  the  ATF  model  an  average  aircraft  delay  of  0.03  min  over 
the  eight-hour  shift. 


Capacity  and  Manntng--ATF  traffic  loading-delay  results 
for  each  UG3RD  system  are  shown  In  Figures  3,  4,  and  5 for  each  of  the 
three  configurations.  Two  delay  propagation  algorithms  are  used.  The 
first  represents  the  current  local  flow  control  operation  that  propagates 
delays  along  the  major  radial  routes  indicated  in  Table  21*  and  is  used 
to  model  Systems  lA,  IB,  and  2.  The  second  algorithm  represents  a postu- 
lated automated  local  flow  control  that  propagates  delays  along  selected 
routes  (not  only  the  major  radials)  and  is  used  to  model  Systems  3,  4, 

5,  6A,  and  6B. 


Area  capacities  corresponding  to  the  current  level  of  delay 
are  obtained  from  these  graphs  and  are  listed  in  Table  22  for  each  ATC 
system.  These  data,  adjusted  for  the  sector  controller  manning  require- 
ments of  each  system,  are  represented  in  Figure  6. 


* 

Atlanta  Center  current  local  flow  control  operations  also  reroute  some 
aircraft  from  one  radial  route  to  another,  but  the  capability  to  model 
rerouting  strategies  is  not  currently  part  of  ATF. 


ESTIMATED  MULTISECTOR  CAPACITY  AT  CURRENT  LEVEL  OF  DELAY 


Sector  manning  includes  radar  (R)  position 


STUDY  AREA  CONTROLLER  MANNING  — potitioni  |Mr  8-hour  day  ihift 


STUDY  AREA  TRAFFIC  — •ircraft  par  8-hour  shift 
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FIGURE  6 STUDY  AREA  CONTROLLER  MANNING  RFSUI.TEMENTS  AT  CURRENT  LEVEL 
OF  SERVICE,  BY  SYSTEM:  ATLANTA  CENiER 
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Figure  6 presents  the  study  area,  day-shift  controller 


manning  required  by  each  system  to  maintain  the  current  level  of  delay 
over  a range  of  traffic  demands.  Piecewise  linear  interpolations  (be- 
tween configuration  capacities)  are  used  for  analytical  convenience  to 
describe  the  manning  requirements  of  each  system.  The  sectorizations 
modeled  for  Systems  lA,  IB,  2,  3,  4,  and  6B  behave  "efficiently'"  in  that 
the  earlier  sector  splits  return  greater  proportional  capacity  gains  than 
do  later  ones;  that  is,  each  successive  sector  split  decreases  the  marginal 
traffic  handling  capability  of  each  additional  controller.  System  5's 
capacity  return  per  split  is  linear,  while  that  for  System  6A  increases 
with  each  succeeding  sector  split.  This  indicates  that  a more  efficient 
System  6A  sec torization  strategy  should  be  selected  in  which  the  greater 
capacity  gains  occur  as  early  as  possible  (e.g.,  when  reconfiguring  from 
nine  to  ten  sectors).  However,  trial -and-error  applications  of  the  ATF 
model  in  which  different  sets  of  sectors  (other  th.an  Sectors  39,  40,  41, 
and  42)  were  split  in  the  13-sector  configuration  (as  well  as  other  con- 
figurations) did  not  appreciably  change  the  shape  of  the  System  6A  curves 
shown  in  Figure  6.  It  is  possible  that  the  anomaly  of  the  System  6A 
capacity-sectorization  ATF  results  is  due  to  interactive  effects  between 
the  relatively  large  traffic  handling  capacities  of  the  individual  sec- 
tors; these  interactions  may  consist  of  congestion  resolution  strategies 
that  produce  proportionately  larger  multisector  capacity  gains  as  addi- 
tional sectors  are  split.  We  do  not  examine  further  the  issue  of  capacity- 
sectorization  interactions,  but  propose  that  it  be  a topic  for  future 
research . 


Manning  and  Staffing- -We  use  Figure  6 as  a basis  from  which 
to  expand  area  manning  requirements  to  facility  staffing  estimates  for 
each  11G3R1)  system.  The  current  day-shift  manning  requirement  for  the 
9-sector  configuration  is  24.5  positions  (including  9 each  of  R and  D 
positions,  4.5  A positions,  and  2 T positions),  while  the  current  con- 
troller staffing  level  for  the  41-sector  facility  configuration  is  505 
controllers  (see  Table  19).  The  ratio  of  these  values  (505/24.5)  could 
be  used  to  expand  the  study  area  manning  estimates  for  each  UG3RD  system 
of  Figure  6 (for  selected  traffic  levels)  to  facility  annual  controller 
staffing  estimates,  if  wo  assume  that  future  traffic  routing  patterns 
will  be  similar  to  the  current  ones  (although  the  traffic  level  magnitude 
increases)  and  that  the  current  proportional  allocations  of  study  area 
day-shift  manning  and  facility  annual  staffing  will  remain  constant. 
However,  a unique  staffing  situation  currently  exists  at  the  Atlanta 
Center.  Of  the  505  authorized  controller  positions,  40Z  (209)  are  de- 
velopmental controllers  who  lack  full  proficiency  status.  This  high  pro- 
portion of  trainees  is  not  indicative  of  future  staffing  characteristics 
and  should  not  be  used  for  extrapolating  staffing  needs  for  the  1980s  and 
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boyond.  Thoroforo,  wo  vise  tlie  ciintroller  staffing  reqvilromoiUs  basovl  on 
tbo  Atlanta  Center  1975  bnsy-day  report.  Tliese  reqiiirv'inenls  are  ealevi- 
lated  by  tlie  KAA  vising  standard  stafftnn  relationships''  and  result  in  a 
facility  annual  staCflnn  estimate  i>C  47b  controllers*  (Including  flight 
data  function  manning  as  well  as  24-hour  manning  and  annual  and  sick 
leave  relief  allowances).  The  ratio  of  the  Atlanta  Center  calculated 
annual  controller  staffing  requirement  (476)  ti>  the  study  area  day-shift 
manning  requirement  (24.5)  Is  19.41.  We  will  use  this  expansion  factor 
to  transform  the  study  area  manning  requirements  of  each  system  for  the 
range  i>f  traffic  demand  levels  (as  shown  In  Figure  6)  Into  annual  con- 
troller staffing  estimates. 

2.  Team  Supervisor,  Area  t)f fleer,  and  Area  Spec  la  list 

Staf  f Ing  Relat  lonslilps 

A team  supervisor  mans  a cixitrol  niom  position  and  is  In  charge 
of  the  controllers  operating  the  sectors  In  his  area.  ( I’eam  supervisors 
and  controllers  are  asslgneil  tv>  specified  groups  of  sectors  with  which 
they  are  familiar  and  do  not  work  other  areas.)  I’he  team  supervisor 
coordinates  sector  and  flv>w  contriil  activities  and  ailiivlnlsters  work 
schedules  and  team  assignments.  An  area  i>fflcer  Is  in  a staff  management/ 
Support  posltlvin  and  coordinates  an  area's  |>roceclural  agreemt'uts  with  other 
staff  members  and  other  facilities,  lie  Is  assisted  by  an  area  specialist. 

Since  the  v>peratlv>ns  of  ln)ch  team  supervisors  and  area  officers 
and  specialists  are  based  on  familiarity  with  specific  control  areas, 
their  staffing  level  varies  with  the  number  of  control  areas  required. 

I'he  current  41  sectors  of  the  Atlanta  I'enter  are  grouped  into  six  areas. 

Using  standard  staffing  requl ri'ments"  and  assuming  the  number 
vif  areas  will  Increase  directly  with  the  nuvnber  of  sectors,  we  estimate 
the  required  annual  staffing  corresponding  to  various  area  configurations 
as  shown  In  Table  21.  The  required  number  of  team  supervisors  and  area 
officers  and  specialists  Is  shown  In  this  table  as  a functli>n  of  the  num- 
ber of  sectors  In  the  facility. 

Figure  6 Is  usevl  to  estimate  the  number  of  sectors  required  in 
the  facility  for  each  lUTlRl)  system  for  various  traffic  demand  levels. 

I'he  number  of  sectors  required  in  the  study  area  Is  iibtained  by  Inter- 
polation from  this  figure.  Multiplying  the  number  of  study  area  sectors 
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Table  23 


ESTIMATED  REQUIREMENTS  FOR  AIR  TRAFFIC  SERVICE 
TEAM  SUPERVISOR,  AREA  OFFICER,  AND  AREA  SPECIALIST 
ATLANTA  CENTER 


1 

1 

Number 

of  Sectors 

1 

Number 
of  Areas 

Annual  Staffing 
(persons) 

Team 

Supervisor 

Area  Officer 
and  Specialist 

Total 

1-7 

1 

7 

3 

10 

8-14 

2 

14 

3 

17 

15-21 

3 

21 

3 

24 

22-28 

4 

28 

5 

33 

29-35 

5 

35 

7 

42 

36-42 

6 

42 

9 

51 

43-49 

7 

49 

11 

60 

50-56 

8 

56 

13 

69 

57-63 

9 

63 

15 

78 

64-70 

10 

70 

17 

87 

71-77 

11 

77 

19 

V6 

78-84 

12 

84 

21 

105 

by  4.56  (nine  study  area  sectors  currently  correspond  to  41  facility  sec- 
tors) obtains  an  estimate  of  the  number  of  facility  sectors.  Again,  ibis 
expansion  assumes  that  traffic  routing  patterns  and  proportional  alloca- 
tions of  sectors  among  the  study  area  and  the  remainder  of  the  facility  will 
be  stable  as  traffic  Increases. 


3 . Other  Support  and  Supervisory  Staffing 
Relationships 

The  annual  staffing  level  of  the  remaining  air  traffic  support 
and  supervisory  personnel  does  not  depend  on  traffic  level.  From  previous 
discussions  with  Los  Angeles  Center  personnel,  it  appears  that  most  of 
this  staff  will  not  bo  affected  by  the  Implementation  of  the  enhancement 
systems.  We  assuiiie  that  only  the  number  of  programmers  will  vary  according 
to  system  Implementation,  This  situation  is  shown  In  Table  24, 


Air  traffic  programmers  are  responsible  for  maintaining  the  cur- 
rency of  the  operational  software.  I'he  basic  programs  and  major  software 
revisions  normally  are  not  written  at  the  facility,  but  by  contractor  or 
FAA  personnel  (e.g.,  NAKEC) , However,  the  Atlanta  Center  does  develop 
extensive  software.  The  Los  Angeles  Center  personnel  did  not  foresee  sig- 
nificant staffing  Increases  due  to  the  proposed  enhancement  items  (pro- 
vided the  enhancements  are  Introduced  in  a reasonably  phased  manner j , 
while  the  Atlanta  Center  currently  maintains  advanced  programming  capa- 
bilities. Nevertheless,  to  be  conservative,  we  assume  that  both  automated 
local  flow  control  (System  3)  and  the  DABS  data  link/control-by-exceptlon 
(System  6A  or  6B)  will  require  incremental  additions  to  the  progrmraner 
staff.  For  example,  we  expect  that  automated  local  flow  control  will  con- 
tinually require  minor  on-site  software  revisions  to  maintain  currency 
with  regard  to  changing  traffic  control  procedures;  we  assume  one  addi- 
tional programmer  would  be  required.  Similarly,  the  control -by-except ion 
software  must  be  kept  current;  since  this  software  is  more  elaborate,  we 
assvime  that  throe  additional  programmers  would  be  needed. 
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B . Airway  Facilities  Service  Staffing  Relationships 


The  current  Atlanta  Center  Airway  Facilities  Service  (AF)  staff  is 
shown  In  Table  25.  This  staffing  level  Is  required  to  maintain  the  ATC 
equipment  and  Is  related  to  traffic  level  only  through  the  quantity  of 
equipment  units  required.  Personnel  of  the  Atlanta  and  Los  Angeles  cen- 
ters Indicated  that  major  staffing  adjustments  would  not  be  warranted  by 
enhancement  system  Implementation  because  much  of  the  new  equipment  would 
replace  existing  equipment  and  would  not  constitute  a drastic  Increase 
in  inventory.  The  tabular  display,  for  example,  would  replace  the  cur- 
rent flight  strip  printers.  Furthermore,  the  solid-state  electronics 
of  the  tabular  display  would  be  easier  to  maintain  than  the  electrical/ 
mechanical  devices.  However,  allowances  should  be  made  for  some  minor 
Increases  in  maintenance  workload  and  for  requirements  to  develop  new 
technological  expertise. 

The  personnel  of  interest  are  the  electronic  technicians  of  the  AF 
teams,  the  technic tans -in -depth  of  the  technical  staff,  and  the  electri- 
cal engineers  of  the  systems  performance  unit. 

Five  AF  teams  are  required  to  provide  full-time  maintenance  service. 
The  teams'  electronic  technicians  are  responsible  for  maintaining  the  con 
trol  sector  console  and  related  equipment  as  well  as  other  facility  equip 
ment.  A significant  increase  in  the  number  of  sectors  may  generate  suf- 
ficient additional  maintenance  workload  to  warrant  more  electronic 
technicians.  Using  the  current  41-sector,  six-area  configuration  as  a 
base,  we  assume  that  one  additional  electronic  technician  for  each  of 
the  five  AF  teams  will  be  required  for  each  additional  control  area. 
Resulting  facility  staffing  requirements  are  shown  in  Table  26. 

The  need  for  new  technological  expertise  could  require  additional 
technicians-in-depth  and  system  performance  electrical  engineers.  We 
assume  that  implementation  of  automated  data  handling  (System  2)  and 
DABS  (System  6A  or  6B)  will  increase  by  one  the  staffing  requirements 
for  each  of  these  positions,  as  shown  in  Table  27. 


Table  25 


CURRENT  AIRWAY  FACILITIES  SERVICE  ANNUAI,  STAFF 
ATLANTA  CENTER 


Staff  Function 

Position 

Annual 

Staffing 

(persons) 

Total 

Office  of  Manager 

Sector  manager 

1 

Assistant  manager 

1 

Secretary 

1 

Clerk/scenographer 

1 

u 

Technical  Staff 

Techniclan-ln-depth  (ET/TID) 

3 

3 

Dev/Relief  Staff 

Supervisory  electronic  technician 
(SET) 

1 

Electronic  technician  (ET/TR) 

2 

3 

Logistics  Staff 

General  supply  specialist 

1 

General  supply  assistant 

1 

2 

Systems  Performance 
Unit 

Supervisory  electronic  technician 
(SET) 

1 

1 



Electrical  engineer  (EE/ET) 

5 

Environmental  Support 
(ES) 

ES  Supervisor  Staff 

Supervisory  engineering 
technician  (SCE/SET) 

2 

2 

ES  Unit 

Engineering  technician 

10 

General  facility  equipment 
technician  (GFKT) 

9 

19 

Five  AF  Teams 

Systems  engineer  (SEE) 

5 

Assistant  system  engineer  (SEE/SET) 

6 

11 

Five  CC  Units 

Supervisory  electronic  technician 
(SET) 

5 

Electronic  technician  (ET) 

27 

Computer  operator 

7 

39 

Five  CDC  Units 

Supervisory  electronic  technician 
(SET) 

5 

Electronic  technician  (ET) 

36 

41 

TOTAL 

130 

* 

Source:  "AFS  Organlzat lon-Sta Cf Ikk  Chart,"  Atlanta  Center  (December 


ESTIMATED  REQUIREMENTS 

FOR  AIRWAY  FACILITIES  SERVICE  FIXED  ANNUAL  STAFF  REQUIREMENTS 

ATLANTA  CENTER 


Annual  Staffing  per  System 
(persons) 

Position 

lA  and  IB 

B 

3 

B 

5 

6A  and  6B 

Technical  staff, 
technician-in-dep  th 

3 

4 

4 

4 

4 

5 

System  performance  unit, 
electrical  engineer 

5 

6 

6 

6 

6 

7 

Other* 

59 

59 

59 

59 

59 

59 

Total 

67 

69 

69 

69  j 

69 

71 

Exclusive  of  AF  team  electronic  technicians  (see  Table  26). 


V FACILITY  STAFFING  ESTIMATES 


In  this  section  we  estimate  facility  staffing  requirements  as  a func- 
tion of  the  traffic  level  (relative  to  the  1975  base  year);  these  staffing 
requirements  are  then  related  to  annual  demand  forecasts. 

A.  Facility  Staffing  Requirements 

Following  the  procedure  described  In  the  preceding  section,  we  first 
estimate  study  area  controller  manning  requirements  over  a range  of  traffic 
levels  for  each  system.  To  facilitate  this  process,  the  manning  require- 
ments at  the  current  average  delay  shown  In  Figure  6 are  transformed  Into 
those  shown  In  Figure  7.  This  transformation  consolidates  the  alternative 
sector  manning  st-.ategles  of  Systems  lA  (2.5  controllers/sector)  and  IB 
(3.5  controllers/sector)  Into  System  1,  as  well  as  Systems  6B  (1  con- 
troller/sector) and  6A  (2  controllers/sector)  Into  System  6.  The  transi- 
tions between  the  alternative  manning  strategies  are  shown  by  the  dashed 
lines  In  Figure  7.  The  transition  allows  for  the  simultaneous  use  of  both 
manning  strategies  In  different  sectors  In  order  to  effect  capacity  gains 
without  excessive  staffing. 

With  reference  to  Figure  7,  manning  transitions  from  System  6B  to 
6A  with  50%  and  100%  data  link  aircraft  are  assumed  to  occur  during  the 
13-sector  configuration.  Once  all  13  sectors  are  manned  by  two  controllers 
each  (rather  than  the  original  one  controller  each),  additional  sector 
splits  are  used  to  handle  Increasing  traffic  levels.  The  current  average 
delay  Is  assumed  to  be  maintained  during  each  transition  and  reconfigura- 
tion. 


) 


f 
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In  the  case  of  Systems  lA  and  IB,  a transition  from  the  current  3.5 
men  In  two  of  the  original  nine  sectors  to  2.5  men  In  ten  sectors  Is 

assumed  to  accompany  the  Initial  resectorlng  from  nine  to  ten  sectors.  ^ 

Successive  sector  splits  are  then  assumed  to  occur  until  the  original 

9 sectors  are  configured  Into  18,  each  manned  at  the  2.5  level.  At  this  ! 

point,  transition  to  3.5  men/sector  Is  assumed.  However,  corresponding  j 

capacity  gains  at  the  current  average  delay  cannot  be  achieved.  This 
situation  Is  Indicated  by  the  vertical  dashed  linear  curve  In  Figure  7, 

In  which  the  additional  manning  required  to  transition  from  System  lA 

to  IB  during  the  18-sector  configuration  does  not  Increase  capacity  (at  I 

the  current  level  of  service).  Since  a strategy  to  Increase  manning  ! 
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Configuration  t (9  sectors) 
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Configuration  3 (18  sectors) 
intermediate  configurations 

Interpolated  staffing  at 
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FIGURE  7 STUDY  AREA  MANNING  AND  FACILITY  CONTROLLER  STAFFING  ESTIMATES, 
BY  SYSTEM.  ATLANTA  CENTER 

without  Increasing  capacity  or  decreasing  delay  Is  not  realistic,  we 
assume  that  the  transition  to  3.5  sector  manning  would  realize  a capacity 
gain  If  accompanied  by  Increased  average  delay.  This  manning  transition 
Is  approximated  In  Figure  7 by  the  sloping  dashed  line,  which  Is  a linear 
extrapolation  at  the  System  lA  curve.  No  manning  transitions  are  needed 
for  Systems  2,  3,  4,  and  5 since  2 men/sector  Is  standard  for  each. 

By  Interpolation  from  Figure  7,  we  obtain  the  number  of  sectors  and 
the  controller  manning  required  In  the  study  area  by  each  system  at 
selected  traffic  levels.  These  area  requirements  are  expanded  Into 
facility  requirements  using  the  expansion  factors  developed  In  the 
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preceding  section;  4.56  facility  sectors/study  area  sector  and  19.43 
facility  annual  staffing  controllers/study  area  day-shift  manning  con- 
troller. The  resulting  facility  sectorlzation  and  annual  staffing  re- 
quirements are  summarized  for  Systems  1,  2,  3,  4,  5,  6 (with  507»  of  the 
aircraft  equipped  with  data  link),  and  6 (with  100%  of  the  aircraft 
equipped  with  data  link)  in  Tables  28  through  34,  respectively. 

In  estimating  the  facility  requirements,  we  place  limits  on  the 
number  of  sectors.  The  maximum  study  area  configuration  of  18  sectors 
corresponds  to  a maximum  facility  configuration  of  82  sectors,  wtiich 
is  double  the  current  41  sectors.  We  assume  that  airspace  limitations 
will  preclude  any  further  sectorlzation  increases.  We  also  use  the  cur- 
rent 41-sector  configuration  as  the  minimum  sectorlzation  level.  Al- 
though it  is  feasible  to  combine  sectors  to  create  a less-than-41-sector 
configuration,  we  assume  that  such  is  not  desirable  because  of  the  ex- 
cessive size  of  the  resulting  sectors  and  the  difficulty  in  recovering 
from  system  failures  with  too  few  sectors. 

Recall  that  staffing  estimates  in  Tables  28  through  34  are  based 
on  the  study  area  manning  required  to  maintain  the  current  average  delay. 

However,  when  the  traffic  level  exceeds  the  capacity  of  the  82-sector 
facility  configuration,  we  assume  the  facility  staffing  level  will  re- 
main constant  while  delay  increases.  Similarly,  when  the  traffic  level 
is  less  than  the  capacity  of  the  41 -sector  configuration,  delays  will 
be  less  than  the  current  average  delay.  These  assumptions  are  included 
in  the  staffing  requirements  of  Tables  28  through  34,  which  are  trans- 
formed into  the  staffing  factors  shown  in  Tables  35,  36,  and  37.  These 
factors  relate  facility  requirements  to  the  1975  staffing  base  for  the 
Atlanta  Center  (Air  Traffic  Service,  Airway  Facilities  Service,  and 
both)  for  each  system  for  a range  of  traffic  levels. 

B . Facility  Staffing  Forecasts 

We  use  the  traffic  forecasts  in  Table  38  to  translate  the  facility 
staffing  requirements  into  staffing  forecasts  for  1980-2000.  The  result- 
ing annual  staffing  forecasts  (Air  Traffic  and  Airway  Facilities  services) 
for  each  system  are  shown  in  Figure  8.  The  minimum  and  maximum  staffing 

levels  are  lim  ted  by  the  facility  sectorlzation  constraints.  The  ir-  J 

regularity  of  the  two  System  6 staffing  curves  is  due  to  the  traffic  I 

demand  surge  projected  in  the  mid-to-late  1980s  and  the  transition  from  I 

cne-  to  two-man  sector  manning  strategies.  1 


A summary  description  of  the  enhancement  systems  and  a discussion  of 
the  staffing  estimation  results  are  presented  in  the  Executive  Summary  at 
the  beginning  of  this  report. 


Table  28 


SECT0RI2AT10N  AND  STAFFING  ESTIMATES 
ATLANTA  CENTER 
SYSTEM  1— NAS  STAGE  A 


Traffic 

Level 

(1975 

base) 

1.0 

1.2 

1.4 

1.44* 

1.6* 

al.8«T 

Number  of  Facility  Sectors 

41* 

59§ 

§ 

78’’ 

6 

82^ 

82* 

82 

Facility  annual  staff  (persons) 

Air  traffic 

Controllers 

476 

631 

826 

874 

1020 

1224 

TSam  supervisors,  area 

of fleers /specialists 

51 

78 

105 

105 

105 

105 

Other  AT  personnel 

87 

87 

87 

87 

87 

87 

Total  AT 

614 

796 

1018 

1066 

1212 

1416 

Airway  facilities 

AF  team  electronic  technicians 

63 

78 

93 

93 

93 

93 

Other  AF  personnel 

67 

67 

67 

67 

67 

67 

Total  AF 

130 

145 

160 

160 

160 

160 

Facility  total 

744 

941 

1178 

1226 

1372 

1576 

** 


ExCrapolaCed  staffing  at  greater  than  current  level  of  delay. 

^Maximum  staffing,  greater  than  current  level  of  delay. 

^Standard  sector  manning  is  2.5  and  3,5  controllers  (Systems  lA  and  IB). 

Standard  sector  manning  is  2.5  controllers  (System  lA) . 

Standard  sector  manning  is  3.5  controllers  (System  IB). 


§, 


Table  29 


; f 


SECTORIZATION  AND  STAFFING  ESTIMATES 
ATLANTA  CENTER 

SYSTEM  2— INCLUDING  AUTOMATED  DATA  HANDUNG 


Traffic  Level  (1973  base) 

1.4  ‘ 

1.6 

Bmui 

* 

♦ 

Number  of  facility  sectors 

41 

47 

65 

82 

Facility  annual  staff  (persons) 

Air  traffic 

Controllers 

350 

398 

554 

699 

Team  supervisors,  area 

51 

60 

87 

105 

officers/specialists 

1 

Other  AT  personnel 

87 

87 

87 

87 

' ' 

' 

' 

Total  AT 

488 

545 

728 

891 

Airway  facilities 

AF  team  electronic  technicians 

63 

68 

83 

93 

Other  AF  personnel 

69 

69 

69 

69 

■ ■ ■ 

Total  AF 

132 

137 

152 

162 

Facility  total 

620 

J 

682 

880 

1053 

* I j 

Minimum  staffing,  less  than  current  level  of  delay.  ,1 

i 

Maximum  staffing,  greater  than  current  level  of  delay.  1 

♦ I 

Standard  sector  manning  Is  two  controllers.  j 
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Table  30 


SECTORIZATia\  AND  STAFFING  ESTIMATES 
ATLANTA  CENTER 

SYSTEM  3— INCLUDING  AUTOMATED  LOCAL  FLOW  CONTROL 


Traffic  Level  (1975  base) 

^1 . 34* 

1.4 

1.6 

1 ai.7lt~ 

Number  of  facility  sectors 

* 

41 

47* 

65* 

» 

Facility  annual  staff  (persons) 

Air  traffic 

1 

1 

Controllers 

350 

398 

554 

699 

Team  supervisors,  area 

51 

60 

87 

105 

of fleers /specie lists 

Other  AT  personnel 

88 

88 

88 

88 

■ ■ “ 

Total  AT 

489 

546 

729 

892 

Airway  facilities 

AF  team  electronic  technicians 

63 

68 

83 

93 

Other  AF  personnel 

69 

69 

69 

69 

Total  AF 

132 

137 

152 

162 

Facility  total 

621 

683 

881 

1054 

♦ 

Minimum  staffing,  less  than  current  level  of  delay. 


Maximum  staffing;,  greater  than  current  level  of  delay. 
Standard  sector  raannlnK  Is  t»ii  controllers. 


J 


Table  31 


\ 

\ 

t 

i 


SECTORIZATION  AND  STAFFING  ESTIMATES 
ATIANTA  CENTER 

SYSTEM  4~INCLUDING  SECTOR  CONFLICT  PROBE 


Traffic  Level  (197S  base) 

1 1.6 

1.8 

WESEm 

. t 

Number  of  facility  sectors 

41 

47 

65 

82 

Facility  annual  staff  (persons) 

Air  traffic 

1 

Controllers 

350 

398 

525 

699 

Team  supervisors,  area 

of ficers/ specialists 

51 

60 

78 

105 

Other  AT  personnel 

88 

88 

88 

88 

Total  AT 

489 

546 

691 

892 

Airway  facilities 

AF  teaa  electronic  technicians 

63 

68 

78 

93 

Other  AF  personnel 

69 

69 

69 

69 

' ■ 

Total  AF 

132 

137 

147 

162 

Facility  total 

621 

683 

838 

1054 

Minimum  staffing,  less  than  current  level  of  delay, 
t 

Maximum  staffing,  greater  than  current  level  of  delay. 

* 

Standard  sector  manning  Is  two  controllers. 
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Table  32 


SECTORIZATION  AND  STAFFING  ESTIMATES 
ATLANTA  CENTER 

SYSTEM  5--INCLUDING  1007.  RNAV  EQUIPPED  AIRCRAFT 


Traffic  Level  (1975  base) 


msimm 

1.8 

2.0 

Number  of  facility  sectors 

41* 

t 

52 

73* 

CO 

Facility  annual  staff  (persons) 

Air  traffic 

Controllars 

350 

447 

622 

699 

Teas  supervisors,  area 

off leer s/speclallsts 

51 

69 

96 

105 

Other  AT  personnel 

88 

88 

88 

88 

Total  AT 

489 

604 

806 

892 

Alreay  facilities 

AF  teaa  electronic  technicians 

63 

73 

88 

93 

Other  AF  personnel 

69 

69 

69 

69 

Total  AF 

132 

142 

157 

162 

Facility  total 

621 

746 

963 

1054 

^Minimum  staffing,  less  than  current  level  of  delay. 
^Maximum  staffing,  greater  than  current  level  of  delay. 
^Standard  sector  manning  is  two  controllers. 
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Table  36 
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AIRWAY  FACILITIES  SERVICE  STAFFING  FACTOR  ESTIMATES 
ATLANTA  CENTER 


Facility  Annual  Staffing  Factor,  by  Syitea  (IS7S  b«»e)* 


Traffic 

Usval 

1 

a 

3 

4 

5 

(lOOX 

RMAV) 

6 

(SOI  D.L.) 

6 

(1001  D.L.) 

1.0 

l.Ot 

1.02 

1.02 

i.oa 

1.02 

1.03 

1.03 

(1.18) 

(1.03)t 

i.a 

1.  lat 

1.02 

1.02 

1.02 

1.02 

1.03t 

1.03 

(1.34) 

(i.oa)t 

(1.02)t 

1.4 

1.23t 

l.OSt 

1.03t 

1.02 

1.02 

l.OTt 

1.03 

(1.44) 

(1.23)^ 

(1.49) 

(i.oa)t 

(1.03)t 

1.6 

1.23 

l.lTt 

1.  m 

1.05t 

1.02 

1.  15t 

l.OTt 

(1.69) 

(1.02)  ^ 

(l.Tl) 

(1.25)^ 

(1.25)^ 

•l 

1.8 

1.23 

1.23 

1.25 

1.  13t 

1.09t 

1.  15t 

1. 15t 

(1.25)^ 

1.23 

1.23 

1.23 

1.23 

i.ait 

1. 15t 

1. 18t 

(1.25)^ 

1.23 

1.23 

1.23 

1.23 

1.23 

i.aat 

1.  ISt 

(1.26)^ 

1.23 

1.23 

1.23 

1.23 

1.23 

1.26 

1.  16t 

2.6 

1.23 

1.25 

1.25 

1.23 

1.23 

1.26 

I.aat 

2.8 

1.23 

1.23 

1.23 

1.23 

1.23 

1.26 

i.a6t 

3.0 

1.23 

I. as 

1.23 

1.23 

1.23 

1.26 

1.36t 

3.2 

1.23 

i.as 

1.23 

1.23 

1.23 

1.26 

1.36t 

(3.24) 

(1.26)^ 

3.4 

1.23 

1.25 

L— 

1.23 

1.23 

1.25 

1.26 

1,26 

D.L.  ■ data  link. 

★ 

Staffing  factor  data  based  on  Tables  28>34. 
^Staffing  at  current  average  delay. 
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I Table  38 

i 

I 

[ TRAFFIC  DEMAND  FORECAST. 

I ATLANTA  CENTER 


Year 

Traffic  bevel 

1975 

1.0 

1980 

1.25 

1982 

1.40 

1984 

1.  54 

1986 

1.75 

1988 

1.96 

1990 

2.20 

1992 

2.  35 

1994 

2.  50 

1996 

2.64 

1998 

2.79 

2000 

2.94 

^Source;  "iFR  Aircraft  Handled  by  User 
CateRory,"  Office  Of  Aviatio>\ 
JA>licy  (AVP-120),  KAA  (March  1975) 
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FIGURE  8 ANNUAL  STAFFING  FORECASTS,  BY  SYSTEM  ATLANTA  CENTER 
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Appendix  A 


ROUTINE  WORK  DATA  COLLECTION  AND  REDUCTION 


As  a result  of  various  ATC-related  data  collection  exercises, 

SRI  has  developed  a data  collection/reduction  procedure  for  NAS  Stage  A 
equipped  enroute  facilities  that  is  based  on  the  following  data  sources: 

• Video  tape  recordings  of  PVDs. 

• Audio  (including  video  tape  sound  track)  recordings  of 
A/G  and  interphone  communications. 

• Manual  recordings  of  observed  controller  physical  actions. 

• NAS  Stage  A data  analysis  and  reduction  tool  (DART)  computer 
printout  records  of  R and  D position  FDP/RDP  operations. 

• Flight  strips,  used  and  marked-on  by  controllers. 

These  data  are  collected  during  a one -hour  observation  of  a selected 
sector's  control  activities.  Each  observation  session  is  followed  by  a 
one-hour  structured  interview  of  the  sector's  controllers.  The  interviewer 
uses  video  tape  playback  during  examination  and  discussion  of  the  opera- 
tional strategies,  procedures,  and  techniques  employed  by  the  controllers. 

As  part  of  the  data  reduction  process,  data  measurements  are  assembled 
into  e format  that  facilitates  cross-reference  of  the  observed  activities 
and  permits  a reconstruction,  in  part,  of  the  routine  control  events.  The 
information  on  operational  procedures  obtained  during  the  controller  inter- 
views, along  with  the  data  observations,  provides  perspective  on  control 
requirements  that  is  useful  in  the  logical  reconstruction  of  routine 
events . 

We  used  this  procedure  to  collect  data  from  four  sectors  at  the  Los 
Angeles  Center'*  during  the  five-day  period  24-28  June  1974.  The  center 
was  then  using  the  NAS  Stage  A3d.2  system,  including  FDP  and  RDP  capabili- 
ties. In  reconstructing  the  Los  Angeles  Center  sector  team  activities 
from  the  data  collected,  we  developed  the  routine  control  event  structure 
that  is  the  basis  for  the  one  shown  in  Table  1 of  this  report.  Since  the 
data  collection  sessions  at  the  Los  Angeles  Center  were  conducted  during 
moderate-to-heavy  traffic  activity,  we  assume  that  these  routine  events 
are  representative  of  control  requirements  during  capacity  conditions 
(during  which  nonessential  activities  are  minimized) . 


PRICSQIM}  PiOl  Bi.Any 


Also,  as  part  of  the  Los  Angeles  Center  effort,  we  made  stopwatch 
measurements  of  observed  controller  manual  activities  (FDP/RDP  operations, 
flight  strip  processing)  and  recorded  and  observed  oral  communications 
( (A/G  radio  and  interphone  communications  and  direct  voice  communication). 

For  each  identified  task,  we  selected  a "reasonable"  minimum  task  per- 
^ formance  time  from  the  data  measurements  to  represent  task  work  require- 

ments during  capacity  conditions.  In  determining  minimum  performance 
times,  we  considered  only  those  observed  or  recorded  activities  that  we 
judged  to  be  performed  completely  (satisfied  information  transaction  or 
message  content  requirements)  and  with  efficiency  (without  delay,  inter- 
ruption, or  extraneous  information).  These  data  are  the  basis  for  the 
task  performance  times  shown  in  Table  1. 

j We  conducted  a similar  data  collection  effort  for  seven  sectors  at 

[ the  Atlanta  Center  during  the  five-day  period  15-19  December  1975.  The 

center  was  using  the  NAS  Stage  A3d.2  System,  including  FDP  and  RDP  capa- 
bilities. Two  airline  strikes  were  in  effect  during  data  collection, 
and  traffic  activity  was  moderate.  Despite  the  absence  of  heavy  traffic 
loadings,  the  data  collected  and  reconstructed  substantiated  the  basic 
routine  control  event  structure  resulting  from  the  Los  Angeles  Center 
effort,  and  indicated  the  need  for  some  minor  modifications.  A restricted 
effort  to  spot-check  the  task  performance  times  also  supported  the  Los 
Angeles  Center  data. 

In  the  remainder  of  this  appendix,  we  review  the  data  collection 
results  and  describe  the  routine  control  events  for  the  Atlanta  Center 
data  collection  effort. 

I . Data  Reduction 

The  data  sources  that  were  reduced  in  detail  for  Atlanta  Center  were 
I the  audio  recordings  and  the  DART  computer  printouts.  Flight  strips  were 

also  collected,  but  not  individually  studied  in  detail.  Although  obser- 
j vatlons  of  controller  actions  were  made,  manual  task  activities  and  per- 

j formance  times  were  not  recorded  systematically.  Because  of  our  previous 

j Los  Angeles  data  collection  effort,  we  could  ascertain  routine  events 

! using  the  audio  tapes  and  DART  printouts.  Flight  strips  and  video  tape 

! recordings,  which  included  A/G  communications  on  the  sound  track,  were 

I used  to  develop  data  for  the  conflict  modeling  procedures  described  in 

Appendix  B,  while  the  video  tapes  were  also  used  to  structure  and  guide 
our  controller  interviews. 

We  conducted  a one-hour  data  collection  session  for  each  of  the  seven 
selected  sectors.  During  each  hour,  the  R position  A/G  and  the  D position 


I 


Interphone  oral  communications  were  simultaneously  recorded  by  separate 
audio  tape  recorders.  The  A/G  and  Interphone  recording  tapes  were  manually  | 

transcribed  by  writing  down  the  message  and  the  aircraft  Identity.  The 
written  transcriptions  were  reduced  to  data  statistics  by  counting  each 
routine  communication  event  according  to  Its  message  content.  This  pro- 
cess resulted  In  the  tabulation  of  A/G  communications  shown  by  sectors 
In  Table  A-l.  A similar  tabulation  of  Interphone  communications  Is  shown 
In  Table  A-2;  however,  this  tabulation  required  some  cross-referencing 
with  A/G  data  to  Identify  the  event  If  a question  existed.  (For  example, 
reference  to  the  A/G  transcriptions  for  a particular  aircraft  would  deter- 
mine whether  an  Interphone  communication  on  altitude  clearance  was  a 
traffic  structuring  or  a pilot  request  event.) 

DART  computer  printout  records  of  R and  D position  FDP/RDP  data  entry 
and  display-related  operations  were  obtained  from  Atlanta  Center  data  sys- 
tems personnel.  Each  DART  record  corresponded  to  about  a 1.25-hr  period 
overlapping  the  1-hr  data  collection.  The  DART  records  were  reduced  to 
data  statistics  by  counting  each  FDP/RDP  operation  according  to  Its  func- 
tion. An  operation's  function  (e.g.,  handoff  Initiation,  data  block/ 
leader  line  offset,  altitude  amendment)  can  be  Identified  from  the  DART 
printout  by  the  quick  action  key  and  data  format.  This  process  resulted 
In  the  tabulation  of  the  FDP/RDP  operations  shown  by  sector  In  Table  A-3. 

Again,  cross-referencing  with  the  A/G  or  Interphone  data  was  sometimes 
required  to  Identify  events.  (For  example,  reference  to  A/G  transcrip- 
tions for  a particular  aircraft  would  determine  whether  a flight  data 
altitude  amendment  was  a traffic  structuring  or  a pilot  request  event.) 

These  three  tables  were  then  mutually  cross-referenced  to  construct 
the  routine  control  event  tabulation  shown  by  sector  In  Table  A-4.  This 
construction  required  us  to  make  logical  Interpretations  of  event  charac- 
teristics based  on  judgment  and  the  average  hourly  flow  rate;  the  latter 
Is  the  average  of  a sector's  aircraft  exits  and  entries,  as  calculated  in 
Table  A-l.  For  example,  the  number  of  handoff  acceptance,  initial  pilot 
call-in,  and  frequency  change  Instruction  events  is  assumed  to  be  equal 
to  the  hourly  traffic  flow  rate,  while  the  number  of  automatic  handoff 
Initiations  Is  equal  to  the  algebraic  difference  between  the  numbers  of 
handoff  acceptance  and  manual  handoff  Initiation  events. 

Because  of  an  audio  tape  malfunction,  no  Interphone  data  were  ob- 
tained for  Sector  37.  In  Table  2,  we  substltutea  the  interphone  fre- 
quencies of  Sector  42  for  those  of  Sector  37  because  both  are  transition 
sectors.  Because  manual  task  activity  observations  were  not  recorded, 
no  data  were  obtained  for  flight  strip  sequencing/removal  and  equipment 
adjustment.  Also,  the  number  of  events  observed  at  some  sectors  for  data 
block/leader  line  offset  and  data  block  forcing/removal  appeared  too  large  to  be 
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OBSERVED  NUMBER  OF  AIR/GROUND  COMMUNICATIONS,  CURRENT  NAS  STAGE  A.  ATLANTA  CENTER 


i 


hourly  flow  rate  * (nuaber  of  Initial  pilot  call-in  events  plus  number  of  frequency  change  Instruction 
events)  -r  2. 


OBSERVED  HUMBER  OF  INTERPHONE  COWUNICATIONS  AND  NEW  FlIGHT  STRIP  PREPARATIONS 

CURRENT  NAS  STAGE  A,  ATLANTA  CENTER 


Interphone  tape  recording  not  usable  for  transcription 


OftSEKVRD  fClMiifek  OF  FLP'kOP  IONS . ClWE^.T  >»AS  STAGE  A.  ATLANTA  CENTER 


C'lnflitt  'i€Lt».  tion/assfcS'»nwint . 


Tabl*  A'>4 


NUHBKK  OF  ROUTINE  COITTROl-  EVENTS.  ITIRRENT  NAS  STAUC  A,  ATLANTA  I'EirreR 


Occurrani'««  par  Sactor 


Routlna  Control  Evant 


Control  Jurtadlctlun  tranafar 
HaiMloff  ai'captam'a 
PllRht  data  upUata 
Intaraactor  coordination 
Naw  (light  atrip  praparation 

Handof ( initial ion-autoiMt Ic 
Hanual  inlt iat ion-ai lant 
Intaraactor  coordination 


Enroute  Tranaltion  Arrival  jxranaltlon  Arrival 

(H)  (37)  (38)  (41)  I (42)  (46) 

AllatiHina  Croaavlila  ^ North  Norcruaa  l^nlar  I'oaMarc 

Dapartura 


Traffic  at  rue Curing 
Initial  pilot  call'ln 
Flight  data  altituda  Inaart 
Altituda  inatruct  ton 
I Flight  data  altitude  aiaandnenC 

Interaeccor  coordination 
I Heading  Inatructlon 
' Flight  data  route  aaendBcnt 

Intaraactor  coordination 
I Spaad  Inatructlon 

Intaraactor  coordination 
I Altiawtar  aattlng  inatructlon 
Runway  aaaignaiant  inatruction 
Pilot  altituda  report 

Flight  data  altituda  Inaart 
Pilot  heading  report 
Pilot  apaad  report 
Traffic  advlaorv 
Tranapondar  coda  aa«lgn»ent 
Flight  data  coda  aawndaMnt 
I Hiacai lanaoua  A/U  coordination 
Franuancy  change  inatructlon 
Intaraactor  coordination 


Pilot  raquaat 

AlCltiKla  raviaion 

Flight  data  altitude  anandnant 
Intaraacror  coordination 
Routa/haading  raviaion 

Flight  data  route  amandawnt 
Intaraactor  coordination 
Spaad  raviaion 
Claarance  dallvary 
I Miacallanaoua  pilot  raquaat 

I Pointout 

PolntouC  accapcanca 
Data  block  auppreaalon 
' Pointout  Initiation 


Low 

Enroute 
(«) 
Hlnch 
Huuntain  i 


('•anaral  intaraactor  coordination 
Control  Inatructlon  approval 
Planning  advlaory 
Aircraft  atatua  advlaory 
Control  turladictlon  advlaorv 
Claaranca  dalivarv 
flight  data  update 

General  ayaiaa  operation 
Flight  data  ratlMia  updata 
Data  blcK'k/laader  llna  offaat 
Pate  block  forcing/ raaoval 
Miacallanaoua  data  aarvica 
Flight  atrip  aaquanc ing/ramwal 
Equipiaant  ad)uataant 


Data  iHtl  obtained  at  Atlanta  Cenlrt. 
t 

Numbei  of  iKcuirencea  judged  to  ba  nonrepreaentat Ive  of  capacity  condiliona. 
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representative  of  capacity  or  heavy  traffic  conditions.  For 
each  of  these  four  events  we  assigned  event  frequencies  (Table  2) 
that  were  adjusted  in  accordance  with  the  Los  Angeles  Center  data. 

We  obtained  the  numbers  of  new  flight  strip  preparation  events  by 
coiuulng  the  hand-written  flight  strips  (which  were  not  printed  by 
computer) . 

2 . Rou tine  Control  Events 


The  following  discussion  provides  an  overview  of  the  routine  control 
events  we  associated  with  enroute  sector  operations.  These  events,  wiiich 
are  listed  in  Table  1,  are  developed  from  our  data  observations  and  con- 
troller interviews  to  define  control  activities  as  logical  representations 
of  operational  requirements.  Table  A-5  includes  a brief  summary  of  the 
controller  activities  associated  with  each  event,  and  parallels  this  dis- 
cuss ion . 


Control  Jurisdiction  Tran3fer--A  handoff  between  two  sectors  trans- 
fers authority  over  an  aircraft  and  full  access  to  the  aircraft's  computer 
data  file  from  one  team  to  the  other  (direct  control  Is  effected  when  the 
aircraft  crew  switches  onto  the  receiving  sector's  A/G  radio  frequency). 

A silent  handoff  (i.e.,  a procedure  not  routinely  requiring  intersector 
Interphone  communication)  is  initiated  either  automatically  by  the  NAS 
Stage  A computerized  operations  or  manually  by  a sector  team  using  FDP/ 

RDP  keyboard  or  trackball  operations,  or  both.  Either  handoff  initiation 
mode  causes  a blinking  "H"  and  the  receiving  sector's  identity  numbers 
(e.g.,  "H-36")  from  the  aircraft's  data  block  to  appear  on  the  PVDs  of 
both  the  initiating  and  receiving  sectors.  Handoff  acceptance  is  per- 
formed manually  using  FDP/RDP  operations  and  causes  the  flashing  "H"  to 
be  replaced  by  the  letter  "0,"  which  is  retained  for  about  one  minute  on 
both  PVDs.  The  receiving  sector  team  manually  marks  the  letter  "R"  (for 
radar  contact)  on  its  flight  strip  for  that  aircraft,  and  the  initiating 
sector  team  marks  a circle  around  its  "R." 

Handoffs  between  NAS  Stage  A sectors  and  non-NAS  Stage  A or  non- 
ARTS  111  facilities  cannot  be  performed  silently  and  require  Interphone 
conmunications  to  transfer  control  Jurisdiction.  The  NAS  Stage  A sector 
also  performs  FDP/RDP  keyboard  and  trackball  operation  to  initiate  or  drop 
computerized  radar  tracking.  This  activity  is  normally  accompanied  by  an 
additional  FDP  operation  to  input  flight  data  updating  information  (e.g.  , 
departure  message,  altitude  clearance). 

Intersector  coordinations  sometimes  accompany  silent  handoffs  when 
standard  control  procedures  are  not  strictly  followed  (e.g.,  as  a result 
of  conflict  avoidance  instructions).  Intersector  coordinations  generate 
intrasector  consultation  between  R and  D controllers  to  confirm  Information 
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RDCTINE  CONTROL  EVENT  SECTOR  TEAM  ACTIVITIES.  NAS  STAGE  A 


inlcation  accompanies 


•zt/C.  c<''««u(<i.cacion  by  pilot  to  clearanre  (including  controller  reply);  scrip  Mrklcg  to  record  altitude 
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transfers.  In  cases  of  an  nnexpec I eU  aircraft  poi>-np,  a paper  fli>iltt 
strip  for  tlie  aircraft  Is  manually  prepare«.l  l>y  the  0 control  li-r. 


Traffic  St  nicturln>;-*l'hese  events  incliule  the  proceilural -hasetl  ac- 
tivities routinely  required  to  process  an  aircraft  throunl*  a s»«ctor. 

The  traffic  struclurtn>;  basic  events  are  all  Inltiateii  hy  conununlca- 
t ions  anil  ntuierally  Inclmle  some  manual  liata  upilatin^;  or  recorilln,n  task. 
Kach  A/l'>  cimmuinicat  ion  task  entails  ne>;oliatlon  or  conf  i mat  ion  betwi'en 
pilot  and  controller.  The  first  traffic  structuring;  event  for  an  aircraft 
is  the  pilot's  initial  fli.qtu  identity  and  altitude  ic'port  c.all-in,  wiilch 
Is  manually  "checked"  on  the  flight  strip.  If  the  aircraft  is  not  equipped 
with  automatic  altitude  reporting;  (Mode  equipment,  the  reported  alti- 
tude is  manually  entered  into  the  Kl'P  data  file  by  keyboard  opi'iat  ion  .-ind 
marked  on  the  flight  strip.  Altitude,  heading;  and  speed  instructions, 
and  pilot  reports  are  manually  recorded  on  flijiht  strips.  Iflren  altitude 
clearances  do  not  conform  to  current  flinht  I'lans  or  when  a reported  al- 
titude is  not  from  a Mode  ll  equipped  aircraft,  the  I’hP  fll>;ht  plan  data 
file  is  .‘unended  or  the  I’Vl)  altitude  lilsplay  is  corrected  by  manual  key- 
bi'ard  insertion.  Interphone  coordinations  Initiated  by  a sector  team 
are  generally  requests  to  ad  |.‘icent  sector  teams  to  approve  and  confirm 
the  issuance  of  nonstandard  traffic  structuring  instructions.  Altimeter 
setting  and  runway  assignment  instructions  are  routinely  issut’d  in  low 
altitude  sectors  to  assist  climbing  and  descending  .aircraft.  Traffic 
advisories  describing  proximate  traffic,  transponder  code  corrections, 
and  miscellaneous  A/t!  coordinations  (e.g.,  radio  failure  .assistance)  .are 
performed  as  needed.  A cont  rol  ler-to-pl  lot  Instruction  to  ch.ange  radio 
frequency  to  that  of  the  next  sector  culminates  the  traffic  structuring 
activity  for  an  aircraft:  it  is  manually  recorded  on  the  aircraft's  flight 
strip  at  the  Los  Angeles  Center  by  marking  a second  circle  around  the  "K" 
and  at  the  Atlanta  Center  by  marking  a cross-line  through  th»'  "check." 

(The  frequency  change  instruction  is  immediately  preceded  by  fom.al  l>.and- 
off  initiation  and  acceptance  of  control  )urlsdlctlon  by  the  twv'  sector 
teams . ) 


Pilot  Request --'Task  retjulrement  s generated  by  pilot  requests  to  re- 
vise altitude,  route,  heading,  or  speed  clearances  are  essentially  similar 
to  those  of  traffic  structuring  except  that  they  are  initiated  by  an  air- 
craft crew.  All  are  initiated  hy  A/C  communications  and,  except  for  mis- 
cellaneous requests  such  as  navigation  assistance  or  weather  Infomatlon, 
entail  flight  strip  processing.  KDP/RDP -based  data  .imendments  or  inter- 
sector  coordinations  are  performed  as  reqvilred.  In  sixne  low  sectors, 
clearance  deliveries  to  approve  flight  plan  routing  are  issued  directly 
to  pilots  (rather  than  a terminal  facility)  by  means  of  A/C  coinminlcat ion. 


lOl 


Such  cloarauco  dollvortes  require  KDl'/RDP  operations  to  update  the  flight 
progress  data  in  the  computer  file  (e.g.,  departure  message,  altitude 
clearance),  and  flight  strip  marking  to  record  the  Issvianee  of  tl\e 
clearance  delivery  (any  additional  flight  strip  or  I'DP  data  revisions 
that  may  be  required  are  assumed  to  occur  simultaneously  with  the  At: 
communication) . 

Polntout--Polntout  actions  are  required  by  a sector  team  to  retain 
control  of  aircraft  briefly  In  or  near  another's  airspace.  A polntout 
Initiation  entails  ROP  keyboard  operations  to  force  an  aircraft's  alplta- 
numerlc  data  block  onto  an  adjacent  sector  team's  PVl)  and  flight  strip 
marking.  Since  the  sector  te.am  receiving  the  forced  data  block  normally 
has  no  flight  strip  pertaining  to  the  aircraft  In  question,  Interplu'ne 
communications  are  needed  to  tr.ansmlt  relevant  fllglit  Information.  I’he 
receiving  sector  may  also  display  pertinent  FOP  data  on  Its  0 position 
CRO,  although  this  normally  occurs  during  the  Inlersector  coordination. 

The  receiving  sector,  by  means  of  manual  ROP,  keyboard / 1 rackba 1 1 opera- 
tions may  suppress  the  forced  data  block  display  as  desired. 

General  Intersector  Coord Inat lon--These  events  Include  those  Infonwa- 
tlonal  transfers  that  are  performed  by  sector  teams  to  malixtaln  mutu.al 
cognizance  of  multisector  traffic  movement  and  that  are  not  part  of  hand- 
off,  traffic  structuring,  pilot  request,  or  polntout.  General  Intersec- 
tor coordination  events  almost  entirely  entail  Interphone  and  direct  voice 
communications.  Gontrol  Instruction  approvals  are  Issued  In  response  to 
other  sector  teams'  traffic  structuring  and  pilot  request  activities. 

Planning,  aircraft  status,  and  control  jurisdiction  .advisories  are  used 

to  clarify  general  procedural  and  Individual  aircraft  situations.  Glear-  1 

ance  deliveries  are  negotiations  with  airport  towers  to  approve  flight 
routings  If  silent  departure  procedures  are  not  established  and  inchide 
manual  flight  strip  marking  to  Indicate  Issuance  of  the  clearance.  FOP' 

RDP  keyboard  operations  are  necessary  for  updating  flight  progress  files 
(e.g.,  departure  message,  .altitude  clearance)  If  the  tower  Is  not  FOP 
equipped . 

i 

General  System  Operatlon--In  this  category  are  those  activities  not  j 

Included  In  the  above  descriptions,  sucl>  as  equipment  operation  and  data  j 

maintenance.  General  system  operation  events  are  entirely  performed  by 
FDP/ROP  operation  and  flight  strip  processing.  Flight-plan  update  mess.iges 
(e.g.,  altitude,  route,  or  beacon  code  revision;  expected  position  fix 
time  arrival;  airport  departure  confirmation)  from  InciMnlng  flights  dis- 
played on  the  0 controller's  GRD  by  the  FDP  system  are  manually  copied 
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onto  tlu'  app  vopt  I at  o \'vo\»osal  strips.  I'sln^  koyboaivl  t raokb.U  I 

operations,  tlu>  K oontrollor  s»'lectlvoly  nuuilt'ios  tlu*  I’VO  hy  ot't'sett  ln>; 
or  reorlontln.n  a I pl\anumor  lo  liata  tilooks  to  alleviate  liisplay  elntter  aiul 
forcin>;  or  remv>vin>t  vlata  blv'ek  vlisplays.  ^An  alrerat't's  data  block  is 
retained  on  the  I’VO  of  a sector  team  Initiatlnt;  a handoff  for  a flve- 
mlnute  period  after  the  handoff  has  been  accepted  and  is  manvtally  fotced 
b.ack  v>nto  the  I’VO  as  reqntred.)  Mlscel  lanevnis  data  s»>rvtces  involvin); 

Fl'l’  system  operations  Include  requests  fiM'  weather  and  altimeter  data 
displays  and  fli.qht  strip  print  ln>t,  removal  v'f  t ll>;ht  \'laus  fnw  the 
dat.a  file  and  dlspl.iy,  removal  or  uu'dlf  iciit  lv>n  v'f  I’VO  labulai  listin>;s 
of  InKnmd,  depart  In.q,  or  holdin>t  <»iicraft,  and  t.‘KO  llsllnits  of  beacon 
code  selections  iwhlch  define  the  elljtibility  of  radar  tar>;et  dlsplavsi 
aiul  altitude'  limits  (which  eh'fine  the'  altitude  ran.He'  I've'r  wlUch  the'  I’VO 
displays  aute'mat  Ic  altitude  reports  fi'r  unt  racke'd  or  intrudine;  aitct.aftl. 
Arrin\>tln)t  and  re'me'vtn>;  the  fli.qht  strips  on  the  flijtht  pre'.qre'ss  board  is 
per  fe'nne'il  by  the  0 ce'ut  re' I le'r  , while  the  K ce'ut  re'l  le'r  is  i e'spons  i b le'  for 
A/il  radle'  freque'ucy  and  KOI’  (e.e;.,  map  and  ran.qe  se  le'C  t ie'\0  ad  (us  tmi'u  t s . 

Ia's  Angeles  I'enter  Veisei^s  Atlanta  th'uter  Oata--Se'me'  difference's  exist 
between  the  rout  I tie  e-vents  observed  at  the  Atlanta  and  the  l.e's  An.qe'les 
centers.  Kirst,  auteynatic  haude'ff  initiation  e'vents  we'ie'  e'bse'rveil  at 
Atlanta,  but  not  at  l.v's  An»;ele'S.  .''e'Ci'nd , flijtht  data  altitude  .ame'iulment  s 
fv'r  ti.afflc  structurlnet  ”he.ulin>;  inst  ruct  li'us"  were-  observe'ei  at  Atlanta, 
but  Ue't  at  l.os  Angeles.  rhlrd,  the'  flight  d.ata  ce'ile  ame'neluu'nt  was  pe-r- 
fi'nneel,  as  required,  in  support  v'f  the  traffic  strvicturing  tianspe'uder 
code  assignment  event  at  Atlant.i;  at  I, os  Angeles  it  was  assunu'd  to  be  an 
integral  part  e'f  the  transponder  code'  revisle'n  eve-nt  . fourth,  clt-arance' 
delivery  was  issued  direct  Iv  to  pilots  as  p.-nt  of  pilot  requests  at 
Atl.-inta;  at  l.v's  Angeles,  clearance  eielivery  was  observed  te'  be'  issvu'd 
v'nly  te'  te'wers  as  part  e'f  general  intersecte'r  coe'rdinat  ion.  both  types 
of  clearance  de'livertes  were  e'bserved  at  Atlanta,  fifth,  the  flight 
elat.a  upelate  event  was  per fe'nne'el , .as  reiiuired,  in  svippe'rt  e'f  the  cle.irance 
delivery  te'  te'wers  at  Atlanta;  at  l.os  .Vugeles  it  was  assume'd  te'  be  an  in- 
te'gral  part  of  the  clearance'  deliverv  e'Ve'nt  . 

These  differences  are'  reflected  in  the  re'utlne  e'vent  stiuctuie's  shown 
In  Tiible  I e'f  this  repe'rt  and  in  Table'  I e'f  Ke' f e'le'nce'  •+  (or  ‘'1. 

We  alse'  note  that  Se'me'  events  e'l'Se'fved  at  l.e's  Angeles  were  Ue't  e'b- 
served  at  Atlanta,  These  include':  the  flight  data  update'  pe'i  lonne'el  e'n 
an  as-required  basis  te'  siq'pe'rt  haude'ff  acce'pt  ance , the  traffic  stiucturing 
runwav  assignment  l«\structlon  eve-nt  , and  the  miscellaneous  pilot  reque'st 
e'vent . To  maintain  the  ge'neralitv  of  out  le'utine'  e'vent  elescr  ipt  ie'ns  . we' 
chose  to  Itu'lude  these  events  in  e'ur  event  structure  In  Table  I,  and  te' 
assign  them  a re'io  f requency-of -occur rence  In  Table  2 of  this  report. 

10 1 


Ll 


Appendix  B 

POTENTIAL  CONFLICT  MODELS  AND  APPLICATIONS 


This  appendix  describes  mathematical  models  for  estimating  the  ex- 
pected frequency  of  potential  conflicts  and  their  applications  to  the 
11  selected  sectors  of  the  Atlanta  Center.*  Potential  sector  conflicts 
were  examined  using  techniques  based  on  the  RECEP  methodology  developed 
during  previous  SRI  research^ and  adapted  to  Atlanta  Center  operations 
in  accordance  with  our  on-site  observations,  data  collection,  and  con- 
troller interviews. 


1 . Potential  Conflict  Frequency  Model 

Potential  conflicts  are  projected  violations  of  separation  minima 
perceived  by  controllers.  Since  this  project  was  concerned  with  the 
radar  environment,  the  ATC  radar  separation  minima  are  the  criteria  to 
be  maintained.  These  criteria,  based  on  our  observations  of  the  actual 
separations  exercised  by  controllers,  are  as  follows: 

• Aircraft  are  separated  by  less  than  1000  feet  in  altitude 
(2000  feet  above  FL290) . 

• Aircraft  on  arrival  routes  about  to  enter  terminal  airspace 
are  separated  by  at  least  five  nautical  miles. 

• All  other  aircraft  are  separated  by  at  least  ten  nautical 
miles. 


The  two  primary  means  by  which  these  separation  minima  can  be  vio- 
lated are  by  the  intersection  of  two  aircraft  flight  paths  or  by  one 
aircraft  overtaking  another.  The  possible  events  resulting  from  these 
two  violations  are  listed  in  Table  B-1.  Since  there  are  differences  in 
the  difficulty  of  resolving  the  potential  conflicts  resulting  from  these 
events,  the  events  should  also  be  classified  by  type  of  aircraft  involved, 


★ 

The  11  sectors  are  the  9 
and  2 additional  sectors 
effort. 


sectors  included  in  the  ATF  study  area  model 
that  were  part  of  the  original  data  collection 


Table  B-1 


EVENTS  RESULTING  IN  VIOLATION  OF  RADAR  SEPARATION  MINIMA 


Crossing  conflicts 

Intersection  of  two  aircraft  flight  paths 
at  the  same  altitude. 

Intersection  of  a transitioning  (climbing 
or  descending)  aircraft  with  a level  air- 
craft at  altitude. 

Intersection  of  two  transitioning  air- 
craft. 

Overtaking  conflicts 

Aircraft  at  the  same  altitude. 

Aircraft  transitioning  on  the  same  track. 

such  as  nonmillCary  versus  nonmilitary,  military  versus  nonmilitary,  and 

military  versus  military.  Hoviever,  during  this  project,  there  were  not 

sufficient  data  to  make  these  distinctions  meaningful. 

/ 

SRI  has  developed  a number  of  simple  mathematical  models  for  predict- 
ing the  expected  number  of  events.  Data  acquired  In  our  measurement  phase 
were  compared  with  estimates  generated  by  these  models  as  verification. 

The  development  of  the  model  used  to  predict  the  expected  number  of  con- 
flicts at  two  air  routes  Is  described  In  Reference  10.  Only  the  result- 
ing expressions  are  presented  here. 


Crossing  Conflict  Event8--The  frequency  of  conflict  events  at  an  air 
route  Intersection  depends  on  the  aircraft  flow  rate  and  velocity  along 
each  route,  the  minimum  separation  requirements,  the  angle  of  Intersection 
between  the  routes,  and  the  number  of  flight  levels  at  which  conflicts 
would  potentially  occur.  The  average  frequency  of  conflicts  at  an  Inter- 
section can  be  found  from: 
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average  number  of  conf I Ic ts/hr . 

flow  of  aircraft  at  Flight  Level  I along  Route  1 
(alrcraft/hr) . 

flow  of  aircraft  at  Flight  Level  I along  Route  - 
lalrcraft/hrl . 

sev'aratlon  minimiun  used  by  controllers  (nautical  miles'*. 

average  speed  of  aircraft  at  Flight  Level  i along 
Route  1. 

average  speed  of  aircraft  at  Flight  Level  I along 
Ron  t e 2 . 

angle  of  intersection  between  the  routes. 

indicates  the  summation  over  all  fliglit  levels  at  which 
conflicts  may  occur. 


Though  this  relation  is  quite  suitable  for  use  with  a computer,  it  is 
somewhat  cumbersome  to  evaluate  manually.  For  this  reason  a nomograph 
has  been  developed^  that  graphically  describes  this  mathematical  rela- 
tionship. Intersections  of  more  than  two  air  routes  were  treated  by 
finding  the  sum  of  the  expected  number  of  conflicts  between  all  possible 
pairs  of  air  routes.  The  expected  number  of  conflicts  was  calculated 
for  each  flight  level  considered  and  summed  over  all  flight  levels  to 
determine  the  total  conflict  frequency  associated  with  that  Intersection. 

Wl\en  one  of  the  crossing  routes  is  a transition  route,  it  is  neces- 
sary to  evaluate  the  additional  effects  due  to  the  interaction  of  the 
transitioning  aircraft  with  air  traffic  at  more  than  one  flight  level 
on  the  other  route.  A transitioning  aircraft  can  conflict  with  air  traf- 
fic at  the  actual  route  crossing  altitude,  but  it  can  also,  because  of 
separation  standards,  conflict  with  traffic  above  and  below  this  flight 
level.  For  this  reason,  the  air  traffic  controller  usually  provides 
separation  as  if  transitioning  an  aircraft  "block"  more  than  one  altltvide 
at  the  same  time.  I’hls  concept  is  equivalent  to  treating  a transition 
crossing  as  a number  of  simultaneous  level-level  crossings  at  the  "blocked" 
altitudes.  Therefore,  the  calculation  of  the  expected  number  of  conflicts 
of  this  type  entails  summing  the  expected  number  of  crossing  conflicts  at 
each  flight  level  affected  by  the  transitioning  route.  The  number  of 
altitudes  that  are  affected  is  a function  of  cl Imb/descent  angle  and 
separation  criteria.  Procedures  developed'’  can  be  used  to  determine  the 
vertical  distance  required  (and  therefore  the  number  of  flight  levels 
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affected)  by  a transitioning  aircraft  flow  while  crossing  an  air  route 
(the  data  assume  a route  width  of  ten  nautical  miles).  Knowing  this 
value  and  the  vertical  separation  minimum,  one  can  determine  wlilcli  flight 
levels  are  affected  by  this  event.  The  number  of  potential  conflicts 
resulting  between  the  aircraft  flow  on  eacli  of  these  flight  levels  and 
the  flow  on  the  transitioning  route  can  then  be  determined  and  summed. 


Overtake  Conflict  Events--'l'lie  expected  frequency  of  overtakes  along 
a level  or  transitioning  route  and  between  level  and  transitioning  routes 
in  the  same  direction  can  be  determined  from  the  following  re lat ionsh li> ; 


n-1  (1  + 2X)  f,  n f 

"o  ■ £ — ;; — £ ;r  '“i  ■ ''ki 

i=l  1 k=l+l  k 


whe  re 


E = average  number  of  overtakes/hr. 

0 

n = number  of  discrete  speed  categories  along  the  route. 

1 “ length  of  air  route  (nautical  miles), 

f^  = flow  rate  of  aircraft  traveling  at  the  i^^  speed 
(aircraft/hr) . 

•=  average  speed  of  the  i*"*’  speed  class  (knots). 

th 

f|^  ” flow  rate  of  aircraft  traveling  at  the  k speed 
(aircraft/hr) . 

■ average  speed  of  the  k*"*’  speed  class  (knots)  . 

X =•  separation  minimum  used  by  controllers  (nautical 
miles) . 

|V^  - V|^|  “ n’..gnltude  of  the  difference  in  velocities  of  the 
two  speed  categories. 

In  this  relationship,  the  summation  symbol  (i^)  indicates  that  the  calcu- 
lation is  performed  for  each  possible  pair  of  speed  categories,  and  these 
results  are  then  summed  to  find  the  total  number  of  potential  overtakes. 
This  procedure  is  followed  for  each  flight  level  on  a level  route  and  for 
each  transition  route  in  a sector. 

Again,  to  reduce  the  computational  effort,  another  nomograph^  was 
used  to  aid  in  the  evaluation  of  this  expression.  The  frequency  of 


occiirrt'iico  of  pott'ntial  ovortako  confllcta  ah>nn  a routo  can  bo  liotormlnoil 
from  thta  noraonraph  iislixg  aircraft  density  for  each  aircraft  speed  class 
fin  terms  of  alrcraft/nant leal  mile  alon^  a route).  Aircraft  density  Is 
found  by  dividing  the  bourly  traffic  flow  of  each  speed  class  (In  alr- 
craft/hr)  by  the  average  velocity  of  that  speed  class  (In  knots),  the 
route  length  (In  nautical  miles),  and  the  difference  In  aircraft  speed 
classes  (In  knots).  I'hls  nomograph  was  used  to  evaluate  the  number  of 
potential  overtakes  caused  by  more  than  two  speed  classes  by  suimnlng  the 
expected  luunber  of  overtakes  for  all  possible  pairs  of  sp«>ed  classes  at 
any  glv«'n  flight  level.  I'hen  thes«'  r««sults  w«>re  stiiniu'd  for  all  flight 
levels  and  transition  routes. 

Kor  the  occasional  Interaction  of  a transitioning  alicraft  track 
with  a level  aircraft  route  where  the  aircraft  are  on  opposltt>  headings 
(meeting  head-on),  the  expected  munber  of  such  conflicts  c.'in  be  ex\'ressed 
as : 


wl>ere 


V 

t 


,1 

k 


expected  number  of  conf I Icts/hr . 

flow  of  aircraft  along  the  transitioning  track 

(alrcraft/hr) . 

flow  of  aircraft  along  the  rout«>  at  the  k**'  altitude 
(aircraft /hr) . 

separation  minimum  (nautical  miles). 

aver.age  speed  of  aircraft  along  the  transitioning 
track  (mlles/hr). 

averagi'  speed  of  the  aircraft  .along  the  route  at  the  k^*' 
altitude  (miles /hr). 

transitioning  rate  for  the  t « ansi t toning  aircraft 
(mlles/hr)  (l.e.,  climb  or  descent  rate  for  the  tran- 
sitioning aircraft). 

each  transitioning  track  useil  In  the  sector. 

each  altitude  level,  used  for  air  traffic  that  Inter- 
sects ). 


Ill 


This  expression  was  evaluated  analytically  in  the  few  cases  wliere  it  ap- 
plied and  was  added  to  the  expected  overtake  workload  for  the  sector. 


2 . Description  of  Sector  Conflict  Modellnn 

Sector  3b--Atlantd  Center's  Allatoona  sector  is  an  ultrahigh  altitude 
sector  (FL330  and  above)  situated  directly  above  the  Crossvllle  sector. 
This  sector  has  mainly  level  enroute  traffic  flying  between  Florida  and 
the  Midwest  and  between  the  Northeast  and  South  Central  regions.  Tlie 
principal  routes  within  this  sector  are; 

• J22:  a level,  high  volume  route  with  northeast  traffic  in 
FLs  330,  370,  and  410,  southwest  traffic  on  Fl.s  350  and  390, 
and  several  northeast-bound  flights  separating  at  I’YS  and 
using  .191. 

• J43:  for  level,  enroute  northbound  and  southbound  traffic, 

• LOU-TYS:  for  aircraft  southeast  at  FL330  over  TYS. 

• .146;  for  level,  enroute  eastbound  and  westbound  aircraft. 

• .189:  for  level,  enroute  northbound  and  southbound  aircraft 

between  the  Midwest  and  Florida. 

• .1118:  for  eastbound  and  westbound  aircraft. 

• J45-73:  for  northbound  and  southbound  aircraft. 

The  spatial  pattern  of  crossing  conflicts  in  Sector  36  is  similar  to  that 
in  the  lowev  adjacent  Crossvllle  sector,  with  the  exception  that  most 
Allatoona  crossing  conflicts  are  between  level,  enroute  aircraft,  while 
a significant  portion  of  those  in  Sector  37  involve  aircraft  transition- 
ing out  of  A7L.  The  major  sources  of  potential  crossing  conflicts  appear 
to  bo  the  intersection  of  .122  with  .189  and  the  routes  that  Intersect  over 
TYS.  Overtaking  conflict  potential  is  dimlni-^ed  in  this  sector  by  the 
full  use  of  all  flight  levels  along  the  several^ivlatlvely  high  volume 
routes,  which  serves  to  separate  by  altitude  the  larjt«tjy  level,  enroute 
traffic  found  therein.  The  Allatoona  sector  route  strucTnj^  is  illus- 
trated in  Figure  B-l.  The  conflict  equations,  based  on  8epar"a<lon8  of 
ten  nautical  miles,  wore  found  to  bo: 

C - (4.8  k 10“^) 

0 - (0.9  X 10"^) 
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FIGURE  B-1  PRIMARY  ROUTES 
IN  SECTOR  36 


where,  for  this  and  each  of  the  sectors  evaluated  below, 

C is  the  average  number  of  potential  crossing  conf llcts/hr . 
0 is  the  average  number  of  potential  overtakes/hr. 

Njj  is  the  number  of  aircraft  handled/hr. 


Sector  37--Atlanta  Center’s  Crossvllle  sector  is  an  intermediate 
altitude  (FL240-FL310)  sector  north  of  Atlanta.  It  is  situated  above  the 
northern  part  of  Sector  38,  and  directly  west  of  the  Lanier  Sector  42. 

The  air  traffic  is  composed  of  flights  originating  in  Atlanta  and  climbing 
out  of  the  North  Departure  sector,  some  level  enroute  flights,  and  a tew 
transitioning  flights  at  stations  such  as  Chattanooga  and  Birmingham.  The 
sector's  route  structure  is  shown  in  Figure  B-2.  The  major  routes  within 
the  sector  are; 


J43*91;  for  flights  climbing  out  of  ATL  and  Sector  38  to 
TYS  and  points  north  (.143)  and  northeast  (J91  and  J22) . 


^RMG 


M a/ 


POINTS  WHERE 


AIRCRAFT  CLIMB 


OUT  OF  SECTOR  38 
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FIGURE  B-2  PRIMARY  ROUTES 
IN  SECTOR  37 


Some  level,  enroute  aircraft  at  FL270-FL290  can  be  found 
on  this  route. 

• J89:  for  aircraft  transitioning  north  from  ATL  to  the 
Midwest  and  for  some  level,  enroute  northbound  and  south- 
bound traffic. 

• A transition  route  over  CHA;  for  aircraft  climbing  out  of 
ATL  and  Sector  38  and  headed  in  a northwesterly  direction. 

• J22:  primarily  for  level,  relatively  low  flying  enroute 
aircraft  between  Northeast  and  South  Central  regions. 

Some  transitioning  along  this  route  at  Knoxville,  Birming- 
ham, and  Chattanooga  is  likely. 

In  Figure  B-2,  several  random,  single  aircraft  flight  tracks  have  been 
deleted  for  clarity.  The  traffic  structure  of  the  Crossville  sector 
resembles  that  of  the  Pulaski  sector,  with  a scattering  of  relatively 
low  volume  routes  that  tend  to  create  crossing  conflict  workloads  of 
more  significance  than  overtaking  workloads.  Sector  37  does,  of  course. 
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contain  more  t ransit  ionin>t  aircraft  than  tl\«*  I'ulaakl  sector.  I'hc  malor 
Intersections  In  the  sector  are  those  of  .122  traffic  with  the  three, 
largely  transition  tracks  out  of  Al’L.  I'he  conflict  equations,  uslnn 
separations  of  ten  nautical  miles,  were  fouml  to  he; 

0 - 14.4  \ lO'S 

0 - 10.5  \ lO'-h 

Sector  38--Atlanta  Center's  North  Oepartvire  sector  Is  a relativi'ly 
low  altltviile  (KLl  20-Kl,2 101  transition  sector  tt»at  hauiiles  .'lircraft  cltmh- 
inn  o\it  of  the  Atlanta  TRACON  anO  heaileil  for  ilest  Inat  ions  in  the  Nortl;- 
east  auvi  Mlilwest.  The  depart  InR  stream  of  aircraft  enters  the  sector 
soutl*  of  the  2Qi;  fix  and  Is  separated  at  2Qi1  into  tl\iee  stre.ams  accord- 
ing to  ilest  inat  ion . Most  aircraft  cllmh  out  of  the  sector  Into  the  ad- 
jacent hljther  sectors  within  50  nautical  miles  of  the  demeij^e  point,  as 
shown  In  Kl>;ure  ll-'l.  As  a result,  there  are  >;enerally  no  Intersection 
crossln)^  conflicts  within  the  sector.  At  separations  of  five  nautical 
miles  at  the  entry  point  f t’RAlklN  boundaryl  with  transition  to  separations 
of  ten  nautical  miles  at  sector  exits,  the  overtake  conflict  proct'sslu); 
l«>a«l  Is  lliiht,  hut  .significant,  anil  can  he  found  from  the  t'xpresslon 

0 - fo.7  \ ur'i 

Sector  ld--Atlanta  Center’s  lUvattanoo^a  sector  Is  a rather  small, 
"flat"  ll''l.2  IO-KI.2701  sector  used  primarily  hy  aircraft  enroute  to  All. 
from  the  nortli  and  west.  I'he  three  major  operational  unites,  as  shown 
In  Figure  11-4,  are: 

• .141-7  1:  for  At'l.  arrivals  from  the  Midwest. 

• .ItiP:  for  arrivals  frvxn  Memphis  and  points  west. 

• .122;  for  relatively  low  level  enroute  traffic  and  tran- 
sitioning traffic  at  I'llA. 

The  overall  conflict  processlnjt  workload  Is  relatively  light,  with  some 
potential  crossing  conflicts  at  the  Intersections  of  .122  with  the  arrival 
routes  and  sisne  potential  overtaking  conflicts  on  the  relatively  sliort 
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FIGURE  B-3  PRIMARY  ROUTES 
IN  SECTOR  38 

arrival  routes.  Sector  conflicts,  using  separations  of  ten  nautical 
miles,  can  be  estimated  from: 

C « (1.7  X 10-3) 

H 

0 - (1.0  X 10"3) 

H 

Sector  40--Atlanta  Center's  Dallas  sector  is  a low-to-intermediate 
level  (FL120-FL270)  arrival  sector  situated  "downstream"  of  Sector  39. 

Its  operating  characteristics  are  similar  to  those  of  the  Norcross  sector, 
since  it  is  responsible  for  merging  and  sequencing  streams  of  arrival 
traffic  to  the  Atlanta  airport.  Traffic  descending  into  ATL  is  sequenced 
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FIGURE  B-4  PRIMARY  ROUTES 
IN  SECTOR  39 


along  one  of  the  three  routes  shown  In  Figure  B-5--Jt»6  from  the  west, 
J45-73  from  the  northwest,  and  a route  from  BHM  to  the  southwest --and 
merged  at  the  RMC  VORTAC  for  transfer  to  Atlanta  approach  control.  Air- 
craft crossing  the  arrival  routes  are  routinely  vectored  under  or  over 
the  Inbound  streams. 

The  merging  workload  at  RMC  contributes  significantly  to  the  poten- 
tial crossing  conflicts  In  the  sector,  while  the  sequencing  of  the 
arrival  traffic  contributes  to  potential  overtake  conflicts.  Because  of 
the  prevailing,  westerly  wind  patterns  In  the  area.  Inbound  speeds  and 
speed  differences  of  eastbound  aircraft  are  significantly  greater  than 
for  southbound  and  westbound  aircraft  using  Sector  41,  wlilch  contributes 
somewhat  to  the  sector’s  overtake  wi>rkload.  For  this  reason,  separations 
of  ten  nautical  miles  were  assumed  to  hold  throughout  the  sector.  The 
conflict  equations,  similar  to  those  of  the  Norcross  sector,  are: 

C - (2.7  X 10*3)  ^2 
H 

0 - (5.8  y 10*3) 
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FIGURE  B-5  PRIMARY  ROUTES 
IN  SECTOR  40 

Sector  4I--Atlanta  Center’s  Norcross  sector  Is  v'l  relatively  low  al- 
titude (KL120-FL230)  arrival  sector  to  the  north  and  east  of  Atlanta 
over  the  Norcross,  Georgia,  VORTAC  (See  Figure  B-6) . Sector  41  has  two 
primary  arrival  routes  that  merge  at  an  Inbound  fix  to  the  Atlanta  I'RACON 
at  FL120.  The  sector  controllers  are  therefore  responsible  for  merging 
and  sequencing  the  traffic  from  these  routes  before  transferring  control 
of  the  aircraft  to  Atlanta  approach  control. 

In  modeling  this  sector,  separations  of  five  nautical  miles  were 
assumed  to  hold  at  the  OCR  merge  point;  separations  of  ten  nautical  miles 
were  used  elsewhere.  The  relationships  for  crossing  and  overtake  conflicts 
in  the  current  Sector  41  configuration  are  expressed  by; 

C - (2.7  X 10-3) 

0 - (b.4  X 10'3) 

Most  of  the  crossing  conflict  processing  entails  the  merging  at  OCR 
and  2L1  of  aircraft  In  the  two  arrival  streams  crossing  the  TYS  and  IW 
VORTACs.  Some  random  crossing  traffic  occasionally  intersects  the  two 
routes  on  cast-west  headings,  but  usually  at  altitudes  well  above  or 
below  the  high  volume  Inbound  routes.  Wlien  potential  crossing  conflicts 
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FIGURE  8-6  PRIMARY  ROUTES 
OF  SECTOR  41 


between  these  aircraft  and  the  inbound  streams  do  occur,  routine  "tunnel- 
ing” or  "climbing"  directives  are  issued  to  the  aircraft  involved. 

The  sequencing  of  aircraft  on  the  inbound  streams  entails  significant 
overtake  conflict  processing  work.  For  aircraft  transitions  into  Atlanta, 
controllers  generally  allow  the  use  of  "pilot  discretion"  to  maintain 
passenger  comfort  in  descending  to  FL120  and  slowing  to  250  knots  to  en- 
ter the  terminal  airspace.  The  resulting,  unique  deceleration  and  descent 
profiles  of  each  inbound  aircraft  are  characteristic  of  these  kinds  of 
sectors  and  contribute  greatly  to  the  relatively  high  overtaking  workloads 
associated  with  most  low  altitude  approach  sectors. 
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Sector  42--Atlanta  Center's  Lanier  sector  is  a high  altitude  (FL240- 
FL310)  transition  sector  northeast  of  ATL.  It  is  directly  above  and  to 
the  northeast  of  Sector  41.  Nearly  all  traffic  is  concentrated  on  the 
following  five  routes,  as  shown  in  Figure  B-7: 

• High  volume  arrival  route  from  the  northeast;  crosses  PSK, 
enters  the  sector  at  FL240-FL310,  merges  vertically  at  F240, 
and  descends  through  to  Sector  41  at  TOC. 

• Combined  jetways  J186  and  J145:  form  a more  northerly  ar- 
rival route  that  descends  into  Sector  41  northeast  of  TOC 
and  merges  with  the  high  volume,  PSK-TOC  traffic  stream 
Just  inside  the  Norcross  sector. 

• ATL  arrival  route  over  TVS  (Knoxville):  descends  at  FL240 
into  Sector  41  and  eventually  merges  with  the  PSK-ATL  route 
at  OCR. 

• Route  J118:  between  Spartanburg  and  Chattanooga. 

• Route  J22:  carries  mostly  enroute  traffic  between  the 
northeastern  and  midsouth  areas  of  the  United  States. 


FIGURE  B-7  PRIMARY  ROUTES  OF  SECTOR  42 
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Sector  42  aids  the  meterinj;  and  spacing  of  aircraft  descending  into 
Atlanta  by  ensuring  that  the  altitude  differences  of  flights  entering 
the  sector  are  eliminated  so  that  aircraft  can  be  handed  off  to  Sector  41 
at  the  Siune  spatial  location  on  each  arrival  route.  Altitude  merging  and 
In-trall  sequencing  on  the  PSK-TOt:  route.  In  particular,  contribute  sig- 
nificantly to  the  overtake  conflict  processing  workload  In  this  sector. 
Crossing  conflicts  occur  at  the  intersection  of  Jl8b-145  with  J22  and,  to 
a limited  extent,  at  the  Intersections  of  .1118  wltli  .1186-145  and  the  TYS 
arrival  route.  Cenerally,  the  level  onroute  traffic  on  .1118  crosses  be- 
low the  major  PSK-TOC  transition  flow,  thereby  minimizing  potential  cross- 
ing conflicts.  Some  preliminary  merging  conflict  processing  Is  assumed 
for  .1186-145  and  the  PSK-1X)C  arrlv.al  routes,  although  actual  Intersection 
Is  In  Sector  41.  KvaUiatlon  of  these  operational  procedures,  using  sepa- 
rations of  ten  nautical  miles,  led  to  the  following  conflict  relationships; 

C - (1.5  V 10'^) 

0 - (5.8  \ 10'^)  Njj 


Sector  43--Atlanta  Center's  Pulaski  sector  Is  a high  altitude  en- 
route  sector  adjacent  to  Sector  42  In  the  northeast  corner  of  the  Atlanta 
Center  t^ri sdictlonal  area.  Plgure  8-8  shows  the  nuajor  operational  routes 


FIGURE  B 8 PRIMARY  ROUTES  IN  SECTOR  43 


of  the  sector,  which  consist  mainly  of  a series  of  low  volume,  highly 
scattered  flight  tracks  in  which  aircraft  are  in  level  flight  or  are 
initiating  descent/c  limb  maneuvers.  I’hese  routes  are: 

• J22;  for  level,  enroute  aircraft  and  for  traffic  entering 
and  leaving  Knoxville. 

• PSK-ATL:  for  aircraft  enroute  to  ATL  and  flying  under  KLJIO. 

• J53:  for  enroute,  level  aircraft  between  SPA  and  PSK. 

• PSK-GSO:  for  level  enroute  aircraft. 

• PSK-south:  for  southbound  traffic  through  Pulaski. 

• An  east-west  level,  enroute  track  out  of  GSO. 

Several  of  these  routes  are  aggregations  of  closely  spaced  flight  tracks 
that  do  not  lie  along  existing  jetways.  No  route  was  found  to  process 
more  than  four  aircraft  during  the  hour(s')  of  observation.  As  a result, 
the  primary  conflict  workload  entailed  the  numerous  route  crossings  at 
or  near  the  PSK  VORTAC  and  at  tlie  several  intersections  in  tt\e  western 
part  of  the  sector,  while  overtaking  conflicts  along  the  low  volume  routes 
were  minimized.  I'he  conflict  relationships  were  estimated  in  part  from 
traffic  statistics  prepared  for  the  Crossville  and  Hinch  Mountain  sectors. 
They  are  based  on  separations  of  ten  nautical  miles  and  can  be  formulated 
as  follows: 

t 2 

0 • (4.6  \ 10  ■)  N 

H 

0 - (0.7  \ 10’-') 


Sector  44--Atlanta  Center's  Baden-Blue  Ridge  sector  is  a large,  wide- 
ranging,  ultrahlgh  altitude  sector  northeast  of  ATL  and  adjacent  to  Sec- 
tor Jb  on  the  east.  The  major  operational  routes,  shown  in  Figure  B-'), 
are  basically  the  published  jetways:  an  east-west  route  through  WC 
and  SPA,  a route  through  TUS  and  AGS.  and  an  arrival  route  into  ATL  fnw 
PSK  on  which  aircraft  descend  into  the  lower,  adjacent  Sector  42.  I'he 
conflict  equations  for  this  sector  were  constructed  by  comparing  its 
traffic  structure  with  that  of  Sector  J6.  The  crossing  conflict  work- 
loads were  estimated  to  be  similar,  while  the  overtake  conflict  workload 
at  Baden-Blue  Ridge  was  estimated  to  exceed  that  of  Sector  36  by  approxi- 
mately the  fixed  percentage  difference  in  route-miles  between  the  two 
sectors.  Aircraft  performance  characteristics  were  assvroed  to  be  the 
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^ FIGURE  B-9  PRIMARY  ROUTES  OF  SECTOR  44 
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same  for  both  sectors.  Accordingly,  the  conflict  relationships,  using 
separations  of  ten  nautical  miles,  are; 


C = (4.8  X 10"^) 

H 

0 = (1.5  X 10"^) 

H 


Sector  46--Atlanta  Center's  Commerce  sector  is  a low  altitude  (sur 
face  to  FLllO)  sector  underneath  Sector  41  to  the  north  and  east  of  ATL 
The  major  published  operational  routes  within  Sector  46,  depicted  in 
Figure  B-10  are: 

• V463:  from  TYS  to  OCR,  used  by  low  level,  general  aviation 
aircraft  arriving  in  the  ATL  area  from  the  north. 

• V222:  from  TOC  to  OCR  for  aircraft  enroute  to  the  Atlanta 
area  airports  from  the  northeast. 

• V235;  from  TOC  to  OCR  for  Atlanta  area  arrivals  from  AHN 
and  points  east. 


FIGURE  B-10  PRIMARY  ROUTES  IN  SECTOR  46 


• An  arrival  route  into  the  Atlanta  TRACON  area;  from  OCR, 
where  V463,  V222,  and  V2'35  merne. 

• V54:  for  eaatbound  and  westbound  traffic  over  HRS. 

• V51-267:  between  HRS  and  AHN . 

Sector  traffic  Is  mostly  general  aviation  aircraft  that  are  enroutc  to  one 
of  the  alrport.s  In  the  Atlanta  area  through  the  OCR  arrival  fix  or  are 
distributed  more  or  less  uniformly  among  the  remaining  Victor  Airways  and 
origin-destination  tracks  through  the  area.  Some  comnerclal  aircraft 
transitioning  Into  and  out  of  TYS  will  use  a small  portion  of  sector 
airspace  via  V267.  The  major  crossing  conflict  point  Is,  of  course,  at 
the  OCR  VORTAC,  where  a significant  amount  of  merging  takes  place.  A 
small  overtaking  conflict  workload  will  be  associated  with  the  ATT.  ar- 
rival streams.  The  expected  number  or  crossing  and  overtake  conflicts, 
at  separations  of  ten  nautical  miles,  can  be  found  from  the  expressions; 

2 

C - (6.6  X 10  N 

H 

0 - (0.7  X 10-3)  Njj 
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Sector  *>2--Atlai\ta  Contor's  Hlnch  Moiuttaia  sector  Is  a li'w  (surt'act' 
to  FL2 'O')  , primarily  carovitc  sector  located  below  Sector  <7.  Ibis  Is 
adjacent  to  the  Indianapolis  and  Meraptrls  AKlX'l^s  In  an  area  north  ol 
Chattanoo)ta  and  west  of  Knoxville,  I'ennessee.  Sector  traffic  Is  mainly 
low  altitude,  Kvneral  aviation  airciaft  (under  FMOO),  some  intermediate 
and  hl)th  altitude  general  aviation  aircraft,  and  a few,  regularly  sched- 
uled comnterclal  aircraft.  I'he  traffic  Is  mostly  of  the  level,  enioutt* 
variety,  with  some  general  aviation  traffic  transitioning  out  ol  th«‘ 
smaller  airfields  In  the  area,  and  some  coimnercial  and  gene«al  avlatlo\t 
flights  approaching  and  departing  tIHA  and  I’YS.  I’ht'  route  structutt'  in 
Sector  52  Is  not  well-defined  hecaus»>  of  the  scattertul  orlgln-dest  Inat  ion 
characteristics  of  the  heavy  general  aviation  traffic  through  the  sectoi . 
I’he  few  Identifiable  primary  routes,  shown  in  Figure  U-ll,  lncludt>; 

• A route  connecting  IINA  and  I'VS  (J4b) ; for  east  bound  and 
westbound  level  and  transitioning  traffic. 

• .122  between  TYS  and  f'HA:  for  low,  enroiite  general  aviation 
and  traffic  transitioning  at  I'YS  anil  I'llA. 

• A route  roughly  parallel  to  and  south  of  .I4t>;  for  levt'l, 
enroute  traffic  between  Nashville  and  points  east. 
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• J89:  for  aorthbound  and  southbound  traffic  and  transi- 

tions at  CHA. 

The  conflict  equations,  based  on  separations  of  ten  nautical  miles,  are: 

C - (5.3  X 10"^) 

H 

0 - (4.3  X 10"3) 

H 

The  relatively  high  crossing  conflict  coefficient  can  be  attributed  to 
a large  number  of  single,  pairwise  Interactions  at  nearly  as  many 
longitude-latitude  fixes.  Overtaking  conflict  workload  will  be  high 
because  of  the  head-on  interaction  of  aircraft  transitioning  on  the 
same  route,  which  occurs  on  J22  between  TYS  and  CHA,  and  on  the  route 
south  of  J46  between  BNA  and  Spartanburg,  South  Carolina.  Sector  con- 
trollers are  also  hampered  by  "holes"  In  the  radar  coverage  of  some 
lower  altitude  regions  In  the  Hlnch  Mountain  airspace. 
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Table  C-1 


SUMMARY  OF  R CONTROLLER  ROUTINE  WORKLOAD  WEIGHTINGS 
FOR  SYSTEM  IB — NAS  STAGE  A 


SUMMAinr  OF  ROL'TINE  WinxiTJJ)  »E1(HITINC8  FOR  SY 


SUKIAHV  OF  R CONTROLLER  KOi’Tlf.E  WORKLOAD  WEIGHTINGS 
FOR  SYSrE.'lS  2,  3,  U,  and  5--IXLUDING  AUTCMATED  DATA  HANDLING 


SintlARY  OF  ROUTINE  WORKLOAD  WEIOITINGS  FOR  SYSTEM  6A--1007,  DATA  LINK  AVIONICS 


Table  C-8 


SUMMARY  OF  R CONTROLLER  RWTINE  WORKLOAD  WEIGHTINGS 
FOR  SYSTEM  6A--100Z  DATA  LINK  AVIONICS 


R Controller  Routine  Workload 

Weighting,  by 

Sector 

(man-sec/ai rc  raf  t ) 

Event/Task  Description 

1 

36 

37 

38 

41 

42 

46 

52 

Total  A/G  communications 

8.69 

10.00 

6.55 

15.37 

10.65 

12.87 

15.30 

Traffic  structuring — 
flight  strip  processing 

0* 

0* 

0* 

0* 

0* 

0* 

0* 

Pilot  request— flight 
strip  processing 

0* 

0* 

* 

0 

* 

0 

* 

0 

* 

0 

if 

0 

1 

Pointout  acceptance — 
data  block  suppression 

0 

1 

0.  39 

0 

0 

0. 15 

0 

0 

Data  block/leader  line 
offset 

0^ 

0"^ 

0^ 

0^ 

o'*' 

0^ 

0^ 

Data  block  forcing/ 
removal 

0^ 

0^ 

0^ 

0^ 

0^ 

0^ 

Equipment  adjustment 

0.  30 

0.  30 

0.  30 

0. 30 

0.  30 

0.  30 

0.  30 

One-half  total  direct 
voice  communication 

1.35 

2.90 

4.35 

4.98 

2.90 

7.20 

9.  51 

Subtotal 

10.  34 

13.  59 

11.20 

20.65 

14.00 

20.37 

25. 11 

Traffic  structuring 
message  cognizance 

1 

Altitude  instruction 

3.12 

4.44 

3.57 

KS9 

5.85 

3.00 

Heading  instruction 

1.50 

1.95 

3.93 

0.90 

0.51 

1.35 

Speed  instruction 

0 

0 

0 

0.75 

0 

0 

Frequency  change 
Instruction 

2.00 

2.00 

2.00 

2.00 

2.00 

m 

2.00 

Subtotal 

6.62 

8.39 

9.50 

11.87 

9.  50 

m 

6.35 

Total 

16.96 

21.98 

20.70 

32.52 

23.  50 

26. 12 

31.46 

Flight  strip  processing  is  not  performed. 
^Indicated  event  is  performed  automatically. 


I 
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StT^IARY  OF  R CONTROLLER  ROUTINE  WORKLOAD  WEIGHTINGS  FOR  SYSTEM  6B--100X  DATA  LINK  AVIONICS 


Y OF  SECTOR  R CONTROLLER  ROUTINE  WORKLOAD  WEIGHTINGS 
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